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PREFACE 


Th;  first  comprehensive  symposium  on  the  practical  appiicatkm  of  Earth  resources  survey  data  was  sponsored  by  the  NASA 
Headquarters  Office  of  Applicatimis  from  June  9 to  1 2. 1975.  in  Houston.  Texas.  The  Lyndon  B.  Johnson  Space  Center  acted  as  host. 

This  symposium  combined  the  utduation  and  results  of  data  from  NASA  programs  involving  LANDSAT.  the  Skybb  Earth 
resources  experiment  package,  and  aircraft,  as  well  as  from  other  data  acquisition  programs. 

The  prittury  emphasis  was  on  the  practical  applications  of  Earth  resources  survey  technology  of  interest  to  a lar^  number  of 
potential  users.  Alsu  featured  were  scientific  and  technological  exploration  and  research  investigations  with  potential  promising 
applications. 

The  opening  day  plerury  session  was  devoted  to  papers  of  general  interest  and  an  overview.  The  following  2-1/2  days  were 
devoted  to  concurrent  docipline-oriented  technrcal  sessions  and  to  three  special  sessions  covering  State  and  Local  Users.  Coastal  Zorte 
Man^ment,  and  User  Services.  These  special  sessions  were  structured  to  provide  governmental  and  private  organizations  with  a 
comprehensive  picture  of  various  applications  in  the  management  and  implementation  of  remote-senrir^  data  use  in  their  own 
programs.  The  coadudii^  day  was  a summary  with  selected  state,  interrational.  and  technical  session  papers,  summaries  of  significant 
results  from  special  and  technical  sessions,  and  an  overview  of  federal  agency  and  international  activities  and  planning. 

Volumes  l-A,  l-B,  l-C,  and  l-D  contain  the  technical  papers  presented  durii^  the  concurrent  sessions.  Volume  II  contains  the 
iipenmg  day  plenary  session,  special  sessions,  and  the  concluding  day  summary  session.  Volume  Hi  contains  a summary  of  each  session 
b\  the  chairman  and  session  personnel  and  provides  an  overview  of  the  s^nificant  applications  that  have  been  developed  from  the  use 
of  remote-sensing  data.  Volume  III  also  includes  the  conclusions  and  needs  identified  during  the  individiial  sessions  and  workshops. 

Opinions  and  recommendations  expressed  in  these  reports  are  those  of  the  session  members  and  do  nut  necessarily  reflect  the 
official  position  of  NASA. 
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ABSTRACT 

Evaluation  of  LANDSAT-1,  b'^td  5 data  for  use  in  estimation  of 
vegetative  biomass  for  range  management  decisions  was  carried  out  for 
five  selected  range  sites  in  the  Sandhills  region  of  Nebraska.  Analy- 
sis of  sets  of  optical  density-vegetative  biomass  data  indicated  that 
comparisons  of  biomass  estimation  could  be  made  within  one  frame  but 
not  between  frames  without  correction  factors.  There  was  high  corre- 
lation eunong  sites  within  sets  of  radiance  value-vegetative  biomass 
data  and  also  between  sets,  indicating  C(^parisons  of  biomass  could 
be  made  within  and  between  frames.  Landsat-1  data  are  shown  to  be  a 
viable  alternative  to  currently  used  methods  of  determining  vegetative 
biomass  production  emd  stocking  rate  recommendations  for  Sandhills 
range  IcUid. 


INTRODUCTION 

Estimates  of  vegetative  bi(»nass  from  reflectance  data  acquired  by 
aircraft  and  satellites  have  been  evaluated  by  a number  of  investigators. 
In  general,  these  studies  indicate  that  estimates  of  vegetation  density 
based  on  reflectance  data  are  complicated  by  factors  associated  with 
the  vegetation  itself,  and  with  the  underlying  soil  when  vegetation 
does  not  cover  the  soil  surface  completely. 

Reflectance  is  influenced  by  the  kind  as  well  as  the  density  of 
vegetation.  Thus,  differences  in  reflectcmce  were  used  by  Laver  emd 
Krumpe  (1)  to  distinguish  stands  of  woody  species  and  herbaceous  species, 
and  by  Tueller,  et  al. , (2)  to  distinguish  the  various  vegetation  types 
in  Nevada.  We  have  observed  that  pure  stands  of  different  grass  species 
may  be  differentiated  on  high-altitude  color-infrared  photography. 

Wiegand  (3)  demonstrated  relationships  between  reflectance  measured 
in  multispectral  scanner  (MSS)  bands  of  LANDSAT-1  and  vegetation  den- 
sity in  given  stands  of  known  crops.  In  the  case  of  mixed  rangeland 
vegetation,  however,  estimates  of  vegetative  biomass  may  be  complicated 
by  differences  in  plant  species  as  well  as  vegetation  density. 

A further  complexity  in  estimating  vegetative  biomass  involves 
the  multiple  layers  of  vegetation  described  by  Pearson  and  Miller  (4) . 

The  meisking  of  a short-grass  layer  by  a mid-  or  tail-grass  layer  is  a 
possibility  in  mixed-species  rangeland.  In  addition,  the  presence  of 
continuous  vegetative  cover  can  make  layering  a more  critical  factor 
than  in  areas  where  vegetation  is  less  dense. 

In  areas  where  vegetation  cover  is  discontinuous,  however,  reflec- 
tance characteristics  of  the  soil  surface  may  be  a complxcating  factor 
in  estimating  vegetative  biomass.  For  example,  it  has  been  shown  re- 


peatedly  that  reflectance  from  a soil  surface  is  influenced  by  the 
moisture  content  of  the  surface.  Moreover,  Mathews  et  al.  (5)  found 
that  the  reflectance  from  surface  soil  is  also  influenced  by  the  amount 
of  clay,  silt  and  organic  matter  in  the  soil. 

The  purpose  of  this  paper  is  to  discuss  the  use  of  MSS  data  ac- 
quired by  LANDSAT-1  in  estimating  vegetative  biomass  in  the  Sandhills 
r£mgeland  of  Nebraska,  and  to  show  the  relationship  of  these  estimates 
to  remge  management  decisions. 


Study  Area 

The  Sandhills  region  of  Nebraska  encompasses  about  52,000  square 
kilometers  (20,000  square  miles)  of  rangeland.  Certain  characteristics 
of  the  region  tend  to  minimize  potential  complexities  in  estimating  vege- 
tative bimass  from  reflectance  data  acquired  by  Landsat-1. 

The  region  is  dominated  by  dunes  and  intervening  valleys  composed 
of  eolian  sand  emd  stabilized  by  grasses  and  grass-like  plants.  Soils 
formed  in  the  wind-sorted  sands  are  relatively  uniform  and  contain  more 
than  85  percent  sand  over  approximately  85  percent  of  the  region.  Lo- 
cally, soils  containing  50  to  85  percent  sand  occur  in  valleys  and  are 
often  characterized  by  near-surface  water  tables  and  continuous  vegeta- 
tion in  response  to  subirrigation. 

Because  of  the  rapid  infiltration  and  permeability  of  the  sandy 
soils,  the  soil  surface  is  normally  dry  in  a matter  of  hours  following 
rain  showers,  even  in  subirrigated  valleys  where  the  water  table  is 
within  the  lower  portion  of  the  soil  profile.  Thus,  the  possibility 
of  wet  surface  soil  as  a factor  influencing  reflectance  is  minimized. 

Very  few  pleuit  species  are  unique  to  specific  soils  or  range 
sites  within  the  Sandhills  region,  except  in  wetland  areas  where  rela- 
tively pure  stands  of  water-tolerant  species  occur.  Although  the  native 
vegetation  consists  of  a mixture  of  species  including  short-  and  mid- 
grasses, the  distribution  and  density  of  rangeland  plants  is  such  that 
reflectance  is  not  generally  influenced  by  multiple  layers  of  vegeta- 
tion . 


Vegetation  surveys  indicate  a relatively  high  constancy  (percen- 
tage of  sites  on  which  a given  species  is  found)  tor  the  major  forage- 
producing  species.  Woody  plants  are  relatively  insignificant  within 
the  native  vegetation.  Consequently,  the  relative  non-segregation  of 
species  minimizes  the  influence  of  species  differences  on  reflectance 
values . 


Methods 

Five  selected  range  sites  were  sampled  during  the  fall  of  1972 
and  from  May  through  October  of  1973  and  1974.  Vegetation  within  a 
quadrat  one  square  meter  in  size  at  each  site  was  clipped  within  three 
days  of  selected  overpasses  of  LAMDSAT-l.  Dry  weights  of  the  samples 
as  well  as  field  observations  related  to  range  condition  were  obtained 
for  each  site. 
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Imagery  from  MSS  band  5 acquired  by  Landsat-1  for  the  test  sites 
was  evaluated  by  optical  density  measurements  of  1:1,000,000  positive 
transparencies  using  a McBeth  densitometer.  Readings  represented  aver- 
age optical  densities  for  ground  areas  of  approximately  60  hectares 
(150  acres),  well  within  the  boundaries  of  the  (600-1000  acre)  240- 
400  hect€ure  management  units  studied.  Correlation  coefficients  were 
then  calculated  for  the  resulting  sets  of  optical  density-vegetative 
biomass  data. 

In  addition,  printouts  from  computer  compatible  tapes  of  radiance 
values  for  MSS  band  5 were  used  to  obtain  an  average  radiance  value  for 
an  area  9 to  18  hectares  (22  to  44  acres)  in  size  at  each  test  site. 
Averages  of  20  to  40  picture  elements  were  determined  for  each  site. 
These  average  radiance  values  were  then  uced  to  calculate  correlation 
coefficients  for  the  resulting  sets  of  radiance  value- vegetative  bio  - 
mass  data. 


Results 

Vegation  on  the  five  sites  consisted  of  mixtures  of  short-  and 
mid-grasses,  although  the  mid-grasses  tended  to  increase  as  range  con- 
dition improved.  Several  species  were  common  to  all  sites:  Calomovllfa 

longifolia  (prairie  sandreed) , Sporobolus  cry^tandrus  (sand  dropseedTT 
Boutelova  gracilis  (blue  gramma),  Koeleria  cristata  Tprairie  junegrass) , 
and  Car~ex  species.  Poa  eexapressa  (Canada  bluegrass)  was  found  on  only  two 
of  the  sites,  while  MuKlonbergia  pungens  (sandhills  muhley)  was  found 
only  on  one  site.  Live  vegetation  constituted  from  11  to  39  percent 
of  the  plant  cover  on  the  five  sites. 

The  high  correlation  coefficients  obtained  for  the  sets  of  radi- 
ance value-vegetative  biomass  data  from  the  five  test  sites  indicated 
that  reliable  estimates  of  vegetative  biomass  can  be  made  from  MSS  band 
5 data  obtained  within  the  Sandhills  region.  However,  greater  varia- 
tion existed  among  correlation  coefficients  for  sets  of  optical  density- 
vegetative  biomass  data  than  among  corresponding  sets  of  radiance  value- 
vegetative  biomass  data. 

Table  1 shows  a relatively  wide  range  of  correlation  coefficients 
from  .20  to  .94  for  the  sets  of  optical  density-vegetative  biomass  data. 

A composite  analysis  of  these  1973  data  sets  resulted  in  a low  nega- 
tive correlation  coefficient  (-.20,.  In  contrast.  Table  2 shows  rela- 
tively high  correlation  coefficients  ranging  from  -.79  to  -.93  for  the 
sets  of  radiance  value-vegetative  biomass  data.  In  addition,  the  cor- 
relation coefficient  for  a composite  analysis  of  the  1972-1974  data 
was  high  (-.85) . 


Discussion 

Statistically,  the  data  in  Table  2 indicate  high  reliability  for 
remotely  sensed  estimates  of  vegetative  biomass  in  the  Sandhills  region 
using  radiance  values  in  band  5 from  computer  compatible  tapes.  The 
close  relationships  obtained  for  the  sets  of  radiance  value-vegetative 
biomass  data  in  comparison  with  the  sets  of  optical  density-vegetative 
biomass  data  probably  result  from  the  smaller  and  more  uniform  ground 
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areas  measured  for  radiance  values  as  opposed  to  the  larger  emd  less 
uniform  ground  areas  measured  for  optical  density. 

In  addition,  the  relatively  high  correlation  coefficient  for  the 
composite  analysis  of  the  sets  of  radiance  value-vegetative  biomass 
data  (-.85)  suggest  that  valid  comparisons  can  be  made  of  radiance 
values  obtained  on  different  dates  by  LhNDSAT-1.  Correlation  coeffi- 
cients for  the  sets  of  optical  density-vegetative  biomass  data  indi- 
cate that  comparisons  of  optical  densities  within  a LANDSAT  freune  are 
valid,  but  the  low  correlation  coefficient  for  the  composite  analysis 
of  these  data  suggests  that  valid  ccxnpeurisons  of  optical  density  on 
frames  acquired  on  different  dates  cannot  be  made  without  application 
of  correction  factors. 

Other  investigators  have  utilized  ratios  of  radiance  values,  us- 
ually between  band  5 and  band  6 or  7,  to  estimate  vegetation  density 
or  biomass  (3,  6).  These  ratios  correlate  with  "green"  biomass  and 
are  influenced  by  near-infrared  reflectance  in  band  6 or  7 from  vigor- 
ous, healthy,  green  plants  as  well  as  visible  red  reflectance  in  band 
5.  In  the  Sandhills  rangeland,  however,  moisture  stress  may  reduce 
near-infrared  reflectance  from  the  vegetation  and  thus  indicate  a de- 
crease in  vegetative  biomass.  Nevertheless,  range  plants  under  mois- 
ture stress  are  legitimate  sources  of  forage,  and  vegetative  biomass 
does  not  necessarily  decrease  during  periods  of  moisture  stress.  Our 
results  indicate  that  estimates  of  vegetative  bi<miass  in  the  Sandhills 
region  using  radiance  values  in  band  5 alone  involve  a balance  between 
the  absorption  of  visible  red  light  by  live  plant  tissue  and  the  reflec- 
tance of  visible  red  light  by  exposed  sandy  soil. 

Since  range  management  involving  animal  stocking  rates  is  based 
on  the  forage  producing  capability  of  individual  management  units, 
estimates  of  vegetative  biomass  within  management  units  are  important 
for  management  decisions.  Two  sites  were  selected  from  the  five  sites 
studied  in  the  Sandhills  region  to  illustrate  management  practices  and 
to  show  management  decisions  based  on  traditional  field  estimates  of 
forage  production  in  comparison  with  satellite  estimates  of  vegetative 
biomass. 

One  of  these  sites  (Site  A)  was  not  grazed  or  mowed  during  the 
growing  season  of  1973.  This  permitted  direct  measurement  of  the  max- 
imum production  of  vegetative  bicsnass.  Clipping  data  obtained  from 
Site  A at  intervals  during  the  growing  season  showed  a typical  curve 
for  forage  production  (Figure  1). 

A second  site  (Site  B)  was  subjected  to  grazing  by  livestock  dur- 
ing the  growing  season  so  that  a portion  of  the  vegetative  biomass  was 
removed  from  the  site.  Thus,  maximum  production  of  forage  could  not 
be  meastured  at  Site  B,  but  was  judged  on  the  basis  of  maximum  poten- 
tial production  and  an  estimate  of  vegetative  biomass  removed  by  graz- 
ing animals.  The  decline  in  vegetative  biomass  at  Site  B after  June 
18,  1973,  with  the  exception  of  small  increases  in  response  to  per- 
iodic rain  showers,  showed  the  influence  of  grazing  in  removing  vege- 
tative biomass  (Figure  1) . 
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Data  detained  at  Sites  A and  B were  compared  with  range  manage- 
ment decisions  based  on  field  criteria  developed  by  the  Soil  Conser- 
vation Service  (SCS,  USDA)  through  extensive  experience  within  the 
Sandhills  region.  Site  A showed  good  agreement  between  vegetative 
biomass  measured  by  clipping  and  the  recommended  stocking  rate.  Clip- 
ping data  from  this  site  showed  a maximum  production  of  1665  kilograms 
of  vegetative  biomass  per  hectare  (1480  lb.  per  A).  Recommended  manage- 
ment for  this  site  according  to  SCS  criteria  involved  the  utilization 
of  one-fourth  of  the  maximum  production  on  one  acre  by  one  animal  unit 
per  month.  Thus,  416  kilograms  (370  lb.)  of  vegetative  biomass  would 
be  utilized  from  Site  A per  month  under  good  manag«nent. 

Assuming  that  one  animal  unit  requires  848  kilograms  (750  lb.) 
of  vegetative  biomass  per  month,  each  acre  of  Site  A would  provide 
0.5  animal  units  per  month.  This  is  the  actual  stocking  rate  recom- 
mended for  Site  A by  the  SCS  on  the  basis  of  field  criteria. 

In  the  case  of  Site  B,  grazing  was  permitted  on  the  site  during 
most  of  the  growi-^g  season.  Thus,  it  was  not  possible  to  estimate  ac- 
tual maximum  production  either  from  clipping  data  or  radiance  values. 
Based  on  an  SCS  field  estimate  of  "good”  range  condition  class  for 
Site  B,  however,  maximum  production  should  approximate  3390  kilograms 
per  hectare  (3000  lb.  per  A.).  Radiance  values  from  band  5 correlated 
with  clipping  data  indicated  approximately  1665  kilograms  of  vegetative 
biomass  per  hectare  (1485  lb.  per  A.)  at  Site  B during  the  period  of 
peak  production  on  June  18,  1973. 

Application  of  SCS  field  criteria  at  Site  B indicated  "close" 
grazing  on  June  18,  1973,  suggesting  that  more  than  the  reccmunended 
amount  of  forage  had  been  removed.  Following  the  recommended  manage- 
ment practice  of  utilizing  one-fourth  of  the  maximum  production  per 
month,  approximately  1013  kilogreuns  (2250  lb.)  of  vegetative  biomass 
should  have  remained  at  Site  B on  June  18,  1975.  Instead,  the  esti- 
mate of  vegetative  bicxnass  frcm  the  radiance  values  as  well  as  obser- 
vations in  the  field  indicated  that  "close"  grazing  had  removed  ap- 
proximately one-half  of  the  vegetative  biomass. 

Thus,  estimates  of  vegetative  biomass  from  LANDSAT-1  were  corre- 
lated with  clipping  data  and  with  SCS  range  management  recommendations 
based  on  judgments  in  the  field. 

Conclusion 

In  the  past,  recommendations  for  stocking  rates  have  been  based 
on  field  estimates  of  species  coraposition  and  the  percent  of  vegeta- 
tive cover,  the  best  estimate  of  climatic  conditions  for  the  growing 
season,  and  experience.  Normally,  the  agencies  involved  in  recommend- 
ing management  plans  do  not  have  the  manpower  or  resources  necessary 
to  collect  sufficient  data  on  vegetative  biomass  through  clipping 
studies.  Since  radiance  values  acquired  by  LANDSAT-1  may  be  inter- 
preted to  give  reliable  estimates  of  vegetative  biomass,  these  data 
provide  an  alternative  for  making  recommendations  for  stocking  rates 
over  large  areas.  To  be  of  maximum  benefit,  hcv/ever,  LAtlDSAT  iaca 


must  be  available  to  decision  makers  within  seven  to  ten  days  after 

acquisition. 
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TABLE  I.  - COEFFICIENTS  OF  CORRELATION  RELATING  OPTICAL  DENSITY  VALUES 
OF  POSITIVE  TRANSPARENCIES  FROM  LANDSAT-1,  BAND  5,  TO  VEGETATIVE  BIO- 
MASS ON  FIVE  TEST  SITES. 


Overpass 

Date 

1973 

Vegetative 
Biomass 
Ranges  kg/ha 

Optical 

Density 

Range 

Correlation 

Coefficient 

May  14 

134-684 

.74-. 84 

.20 

June  1* 

540-1167 

1.04-1.21 

.78 

July  26 

371-1444 

.49-. 67 

.94 

August  17 

297-1432 

.29-. 45 

.74 

September  22 

355-1413 

.71-. 88 

.82 

* Four  sites  only. 


TABLE  II.  - COEFFICIENTS  OF  CORRELATION  RELATING  RADIANCE  VALUES 
FROM  LANDSAT-1,  BAND  5,  TO  VEGETATIVE  BIOMASS  ON  FIVE  TEST  SITES. 


Overpass 

Date 

Vegetative 
Biotiiass 
Range,  kg/ha 

Radiance 

Value 

Range 

Correlation 

Coefficients 

Sept.  4,  1972 

825-2396 

23.38-36.77 

-.93 

May  14,  1973 

380-684 

36.33-45.53 

-.92 

Aug.  12,  1973 

297-1432 

26.57-38.83 

-.83 

July  5,  1974 

876-1944 

29.48-47.68 

-.79 
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Biomass  Production,  kilograms  per  hectare 


FIGURE  I. -VEGETATIVE  BIOMASS  PRODUCTION  ON 
- TWO  SITES  SHOWING  UNGRAZED  (SITE  A)  AND 
GRAZED  (SITE  B)  PRODUCTION  CORVES. 
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INTRODUCTION 


In  preparing  for  rangeland  management,  a working  conr*»Dt  for  rangelands  must  be 
realistically  broad  in  definition.  The  term  range  1n..  i’es  a land-use  dominated 
by  the  grazing  of  domestic  animals.  In  a broader  sensev  it  includes  lands  with 
either  a potential  for  or  past  history  of  grazing  by  either  native  or  domestic 
herbivores. 

In  this  context,  range  management  has  been  defined  as  the  art  and  science  of  planning 
and  directing  range-use  to  obtain  sustained  maximum  animal  production,  consistent  with 
perpetuation  of  the  natural  resources  (ref.  1).  This  definition  gives  the  production 
of  domestic  livestock  and  wildlife  a priority  status  in  a developing  and  expanding 
discipline  while  recognizing  other  potential  goods  and  services  that  can  be  provided 
by  rangelands.  Scientific  range  management  stands  on  the  premise  that  vegetation  can 
be  used  perpetually  for  grazing  while  simultaneously  providing  society  with  high 
quality  air,  water,  open  space  and  recreation  (ref.  2). 

The  role  of  remote  sensing  in  range  management  is  to  provide  information  important 
to  decision-making.  This  information  is  inventory-related  and  can  include  such 
parameters  as  species  composition,  environmental  relationships,  range  condition  and 
vegetation  productivity.  Also,  the  data  products  are  frequently  used  as  base  maps 
to  display  management  plans. 

The  purpose  of  this  study  was  to  test  the  feasibility  and  utility  of  using  satellite 
data  and  computer-aided  remote  sensing  analysis  techniques  to  conduct  range  inven- 
tories. Both  the  inventory  levels  and  accuracies  and  the  analysis  techniques  were 
tested. 

Coastal  rangeland  along  both  P.jlf  and  Atlantic  coasts  has  been  largely  overlooked  in 
rangeland  studies.  Although  acreage  is  small  compared  to  other  grazing  regions,  the 
area  is  important  for  animal  production.  A high  potential  exists  for  extensive  range 
improvement  practices  and  corresponding  resource  information.  The  study  site  was 
chosen  to  represent  rangelands  within  the  Gulf  coast  portion  of  tht  prairie  and 
marshland  region. 

The  Gulf  coast  region  occupies  approximately  9,500,000  acres  along  the  Texas  coast. 

The  coastal  prairie  is  nearly  level,  poorly  drained  plain  less  than  150  feet  above 
sea  level.  Frequent  rivers,  bayous  or  other  streams  dissect  the  area.  The  marsh- 
lands are  limited  to  a narrow  belt  immediately  adjacent  to  the  coast  and  occasionally 
projecting  inland  along  the  bayous. 
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Host  Of  the  region  Is  crazed  by  cattle  with  a few  sheep,  goats  and  horses  scattered 
throughout  the  area.  Ranches  and  rangelands  of  the  prairie  uplands  are  Interspersed 
with  farms.  The  better  soils  are  highly  productive  under  cultivation  or  as  Improved 
pastures.  Wildlife,  especially  deer.  Is  abundant  enough  throughout  the  region  to  be 
economically  Important. 

The  principal  climax  plants  of  the  prairie  are  tall  bunch  grasses  such  aS  big  bluestem 
(Andropoqon  gerardi),  seacoast  bluestem  ( A.  littoral Is),  Indlangrass  (Sorghastrum 
nutans),  eastern  gamagrass  (Tripsyum  dactyloldes) , and'  a gulf  tnuhly  (Muhlenberg! a 
capll laris,  var.  flllpes).  Much  of  the  area  has  oeen  Invaded  by  trees  and  brush  such  as 
mesqulte  (ProsopiF'juil flora,  var.  glandulosa) . oaks  (Quercus  spp.),  pricklypear  (Opuntia, 
spp.)  and  several  acacias.  The  marsh  areas  typically  support  species  of  Carex.  Cypress. 
Juncus,  Sclrpus,  several  cordgrasses  (Spartina) . seashore  saltgrass  (PIstlcTiTl's  spicata), 
and  marsh  millet  (Z1zan1ops1s  mlllacea).  Introduced  grasses  such  as  benr.uda  (Cynodon 
dactyl  on),  dalllsgrass  (Paspalum  dllatatum) , and  carpetgrass  (Axonopus  affinls)  are 
common  In  tame  pastures  and  nave  become  locally  established  In  some  native  range  areas 
(ref.  3). 

The  animal  carrying  capacities  of  these  rangelands  are  highly  variable.  The  native 
grasslands  historically  require  6 to  8 acres  to  carry  one  animal  unit  for  a year.  Where 
brush  or  trees  have  Invaded,  this  capacity  Is  lowered.  Range  improvement  practices  such 
as  brush  removal  and  seeding  to  Improve  grasses  raises  the  carrying  capacity  to  1 acre 
per  animal  unit.  Even  though  the  marshlands  are  grazed,  they  are  considered  unproductive. 


STUDY  SITE 


An  Initial  rangeland  survey  was  conducted  over  a 250,000  acre  site  In  Galveston  and 
Brazoria  Counties  along  the  Texas  Gulf  Coast  (fig.  1).  Features  in  the  study  site  in- 
clude Intensive  agriculture,  urban  areas,  industrial  complexes,  coastal  marshes,  and 
rangelands.  Much  of  the  area  is  covered  by  water  from  numerous  bays,  inlets,  and  bayous. 
The  coastal  marshes  normally  have  a high  vegetative  cover  (over  the  shallow  water)  but 
may  be  comple*rly  Inundated  after  heavy  rains  or  tidal  winds.  The  rangelands  consist 
of  Improved  pastures,  native  grasslands,  and  the  coastal  marshlands. 


GROUND  BASE 


Rectifl-  . 'arged  aircraft  color  infrared  photographs  (1:24, COO),  film  type  Kodak 
2443,  0 .IS  site  (Mission  208,  August  30,  1972)  were  used  as  the  ground  truth  base. 

The  different  land  categories  were  identified,  delineated  and  measured.  These  photo- 
graphs were  used  both  to  help  select  training  areas  and  as  a standard  to  test  classifica- 
tion accuracy. 


COMPUTER-AIDED  CLASSIFICATION 


In  the  analysis,  multlspectral  scanner  (MSS)  bulk  data  from  the  LANDSAT-1  pass  of 
August  29,  1972  (ID  1037-16251)  over  the  Texas  Gulf  Coast  was  obtained  from  the  Goddard 
Space  Flight  Center  (GSFC).  During  the  preprocessing  procedure,  the  entire  scene  was 
screened  and  edited  to  select  the  101,175  hectares  (250,000  acres)  intensive  study  site. 
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The  digital  data  processing  floM  Is  dlagraomed  In  fig.  2.  The  pattern  recognition 
systea  used  In  this  study  was  the  Image  100  System,  a multlspectral  Image  processing 
and  analysis  s^tem.  This  system  utilizes  a PDP-11  series  computer  with  standard 
"peripherals'*  (Image  analyzer  console,  line  printer,  graphic  display  terminal,  magnetic 
tape  drives.  Input  scanner  unit,  solid  state  refresh  memory)  (fig.  3).  Conpiter 
(MTlntout,  cathode  ray  tube  (CRT),  and  film  positive  options  were  available  for  display 
of  classification  results.  At  present,  four  channels  of  eight  bit  KSS  data  can  be 
input.  The  console  screen  displays  512  by  512  picture  elements. 

Using  an  adjustable  electronic  cursor,  the  analyst  specially  defines  training  areas 
that  depict  a feature.  The  areas  classified  as  a feature  are  both  visually  displayed 
on  the  screen  and  tabulated  as  pixels  per  feature.  The  classification  results  can 
be  output  as  a grey  scale  printout  or  as  a digital  tape  (ref.  4). 


CLASSIFICATIOti  RESULTS 


An  Intensive  study  area  of  approximately  250,000  acres  was  selected  Incorporating 
parts  of  Galveston  and  Z>‘azor1a  counties  along  the  Texas  Gulf  Coast. 

Features  of  Interest  were  delineated  on  the  Image  console  giving  the  nimiber  of  picture 
elements  classified  (fig.  4).  The  picture  elements  (pixels)  were  converted  to  acreages. 
The  results  are  shown  In  the  following  table. 

Water  52611  hectares  (130,000  acres) 

Marsh  4452  hectares  ( 11,000  acres) 

Range  21044  hectares  ( 52,000  acres) 

The  remaining  23068  hectares  (57,000  acres)  in  the  scene  (urban,  cropland.  Industrial 
and  transportation  networks)  were  unclassified. 


To  evaluate  the  accuracy,  three  intensive  test  sites  v«re  selected  within  the  marshes. 
Site  1 Is  1 large  marsh  surrounded  on  the  west  by  range  and  on  the  east  by  Galveston 
Bay.  Site  2 is  a marsh  surrounded  by  other  types  of  vegetation.  Site  3 is  mar'h 
surrounded  on  the  west  by  Swan  Lake  and  on  the  east  by  Galveston  Bay  (fig.  4).  Each 
area  was  classified  and  pixels  per  feature  determined.  The  classification  results  were 
then  compared  to  the  aerial  photo  statistics  as  a measure  of  classification  accuracy. 
Results  were  tabulated  in  the  following  table: 


Feature 


Classified 


Ground  Truth  Accuracy 


Site  1 
Site  2 
Site  3 


323  hectares 
83  hectares 
68  hectares 


822  acres) 
207  acres) 
(169  acres) 


350  hectares 
191  hectares 
149  hectares 


(866  acres) 
(191.3  acres) 
(149.6  acres) 


95.5% 

92.3% 

38.8% 


Accuracies  for  computer  aided  classification  of  coastal  marshes  range  from  89%  to  96%. 


SUMMARY 

This  study  has  successfully  demonstrated  that  broad  rangeland  types  can  be  accurately 
separated  to  acceptable  levels  on  LAiiOSAT  bulk  data  with  a computer  aided  classification 
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procedure.  Although  this  was  a pilot  study,  the  output  classification  could  be  used 
by  land  managers  as  an  Input  to  their  rangeland  Inventory.  It  Is  Important  that  area 
ran^  managers  be  able  to  separate  the  range  types  that  were  classified  In  this  study. 
The  marshes  have  very  low  productivity  for  livestock  but  are  Important  as  wildlife 
habitat.  T}«e  native  rangelands  conversely  are  very  productive  and  potentially  can  be 
made  even  better  under  more  Intensive  management. 

It  was  also  determined  that  this  first  step  just  “scratched  the  surface"  In  extracting 
Inventory  Information.  A second  step  to  further  refine  the  classification  Is  needed 
to  differentiate  Improved  pastures  from  the  native  rangelands. 

A third  step  would  be  to  monitor  changes  as  native  rangelands  are  converted  to  Improved 
pastures  and  as  climatic  or  seasonal  aspects  influence  these  lands. 

These  steps  are  necessary  for  the  development  of  a dynamic  model  based  on  Inputs  from 
remotely  sensed  data,  and  to  predict  variations  In  carrying  capacity  of  rangelands  as 
affected  by  seasonal  variations  and  range  Improvement  practices.  This  model  could  take 
advantage  of  the  unique  multlspectral  and  repeat  coverage  characteristics  of  the  LANDSAT 
tjgje  satellites.  The  products  of  this  nwdel  have  the  potential  of  aiding  the  range 
manager  to  become  a more  efficient  and  more  accurate  decision  maker  and  at  lower  cost. 
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FIGURE  1 LAMDSAT-l  I'lAGCRY  AUGUST  29,  1972 
{ID  1037-16251)  OF  STUDY  SITE 
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t’lGURE  2 DIGITAL  DATA  FLOW  DIAGRAM 
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FIGURE  4 - CLASSIFICATION  MAP  OF  STUDY  SITE,  GREEN-RANGE,  BLUE-WATER 
SALMON-MARSH,  RED  MiD  mim  ~ OTHER. 
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USEFULNESS  OF  LANDSAT  DATA  FOR  MONITORING  PLANT  DEVELOPMENT  AND  RANGE  A-3 

CONDITIONS  IN  CALIFORNIA'S  ANNUAL  GRASSLAND 

By  David  M.  Carneggie,  EROS  Data  (fitter,  Sioux  Falls,  South  Dakota, 

Stephen  D.  DeGlorla,  University  of  California,  Berkeley,  and 
Robert  N.  Colwell,  University  of  California,  Berkeley,  California 

ABSTRACT  V76-1.7472 

The  California  annual  grasslands  are  economically  Important  rangelands.  They  do, 
however,  present  some  problems  to  livestock  producers  due  to  the  shortlived  nature  of  the 
forage.  Livestock  production  can  be  maximized  on  these  lands  If  the  ranchers  can  receive 
a better  Idea  of  when,  how  much,  and  how  long  forage  will  be  available. 

The  investigators  established  a network  of  sampling  sites  throughout  the  annual  grass- 
land region  to  correlate  plant  growth  stages  and  forage  production  to  climatic  and  other 
environmental  factors.  Plant  growth  and  range  conditions  were  further  related  to  geograph- 
ic location  and  seasonal  variations. 

A sequence  of  LANDSAT  data  was  obtained  covering  critical  periods  in  the  growth  cycle. 
This  data  was  then  analyzed  by  both  photointerpretation  and  computer  aided  techniques. 

Image  characteristics  and  spectral  reflectance  date  were  then  related  to  forage  production, 
range  condition,  range  site  and  changing  growth  conditions. 

As  a result  of  this  study,  it  was  determined  that  repeat  sequences  with  LANDSAT  color 
composite  images  do  provide  a means  for  monitoring  changes  In  range  condition.  J^DSAT 
spectral  radiance  data  obtained  from  magnetic  tape  can  be  used  to  determine  quaf^gatively 
the  critical  stages  In  the  forage  growth  cycle.  In  addition,  a computer  ratioing  technique 
provided  a sensitive  indicator  of  changes  in  growth  stages  and  an  Indication  of  the  relative 
differences  in  forage  production  between  range  sites. 

The  anticipated  benefits  from  LANDSAT  monitoring  of  annual  range  vegetation  Include: 

(1)  more  accurate  determination  of  germination  and  drying  periods  for  planning  movement  of 
grazing  animals  to  or  from  annual  grassland  ranges;  (2)  predictions  of  the  remaining 
length  of  the  green  feed  period  made  early  enot gh  to  plan  more  efficiently  for  alternative 
sources  of  livestock  feed;  (3)  comparison  of  conditions  and  relative  forage  production 
between  grazing  areas  within  a seasonV  and  comparison  of  condition  and  productivity  for  a 
given  area  between  seasons;  (4)  determination  of  time  when  dry  forage  creates  a fire 
hazard  in  erder  to  better  allocate  men  and  equipment  for  lire  suppression;  and  (5)  assess 
extent  and  location  of  grazing  areas  influenced  by  abnormal  climatic  condltlo'^s,  be  it 
drought  or  abundance  of  forage. 


PEBQiDl|m  not  FILMlS) 
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INTRODUCTION 


NASA’s  Earth  Resources  Technology  Satellite  (LANDSAT-1)  launched  July  23,  1972,  pro- 
vided an  unique  capability  for  regional  monitoring  of  fotage  plant  development  within 
rangeland  enviroments.  The  repetitive  coverage,  the  synoptic  view  and  the  opportunity  for 
acquiring  real  cine  imagery  combine  to  make  LAND8AT  data  a valuable  Input  for  determining 
seasonal  range  conditions,  and  forage  production.  A LANDSAT  investigation  for  the  Bureau 
of  Land  Management  (United  States  Department  of  Interior)  conducted  at  the  University  of 
California,  Berkeley,  examined  Che  feasibility  of  using  LANDSAT  data  to:  (a)  monitor 

growth  and  development  of  forage  plants  in  the  Annual  Grassland  in  California;  (b)  deter- 
mine the  relative  amount  of  forage  produced  within  and  between  growth  seasons  for  a given 
area;  (c)  map  grasslands  with  different  forage  production,  and  (d)  predict  forage 
condition  and  production  using  models  which  incorporate  ground  forage  samples,  spectroradlo- 
metrlc  and  clliuitic  data.  The  study  was  conducted  primarily  during  the  1972-73  growth 
cycle,  with  subsequent  comparison  of  LANDSAT  data  during  the  1974-75  growth  cycle.  The 
study  area  includes  the  annual  grassland  range  seen  within  Che  LANDSAT  images  of  San 
Francisco  Bay;  however,  observations  and  measurements  of  plant  growth  and  spectral  data  were 
made  at  two  test  sites;  Pinole,  located  within  a 50cm  rainfall  zone,  10  miles  northeast  of 
Berkeley,  and  San  Luis  Reservoir,  located  within  a 25cm  rainfall  zone  along  the  shore  north 
of  San  Luis  Reservoir  located  about  10  miles  west  of  Los  Banos,  California. 

California  Annual  Grassland 

The  annual  rangeland  in  California  is  located  primarily  in  the  foothills  of  the  Coast 
Range  and  Sierra  Nevada  Mountains.  They  are  economically  important  by  virtue  of  the  area 
they  occupy  (8  to  10  million  hectares)  and  the  amount  of  forage  they  produce.  These  ranges 
are  characterized  by  a complete  cover  of  grasses,  clovers,  and  forbs,  which  germinate  in  the 
autumn  following  a sufficient  amount  of  rainfall  to  adequately  wet  the  soil.  Foliage  growth 
is  generally  slow  through  the  winter,  followed  by  accelerated  growth  during  the  late  winter 
and  early  spring.  Plants  mature,  flower  and  subsequently  dry  during  the  spring  in  response 
to  depletion  of  soil  moisture. 

Within  the  annual  grassland  range  there  are  various  grazing  regions  which  differ  in 
physiography,  geomorphology  and  climatic  regime.  As  a result  they  also  differ  in  species 
composition,  rate  and  timing  of  plant  development,  season  of  use  by  grazing  animals,  plant 
density,  structure  and  productivity.  (Talbot,  Biswell,  Hormay,  1939;  Biswell,  1956;  Heady, 
1958).  Because  of  seasonal  variations  in  weather  patterns  within  and  between  the  different 
grazing  regions,  the  condition  and  production  of  forage  are  also  variable  ( Heady,  1958). 

The  lowest  forage  producing  areas  are  in  the  low  rainfall  zones  (13-15  cm)  in  the  southern 
portion  of  the  annual  grassland  range,  whereas  the  highest  producing  areas  are  in  central 
California  (50-75cm  rainfall  zone).  Forage  production  in  the  northern  portion  of  the  annual 
grassland  range  is  generally  30Z  less  than  the  central  portion  due  to  lower  temperatures 
despite  the  higher  amounts  of  rainfall  it  receives  (100-125cm'  (Janes,  ’969). 

Within  any  given  grazing  region  forage  production  and  the  length  of  the  green  growth 
period  vary  from  year  to  year  depending  upon  the  climate  pattern.  Production  also  varies 
from  site  to  site  depending  upon  elevation,  slope,  aspect,  the  climatic  regime,  and  various 
physical,  chemical,  and  biological  characteristics  of  the  soil.  Generally,  sites  with 
northeast  exposure  remain  green  longer  and  have  higher  forage  production  compared  to  sites 
on  a southwest  exposure.  Similarly,  sites  with  deep,  fine  textured  soils,  having  high  water 
holding  capacities,  remain  green  longer  and  have  higher  forage  production  than  sites  with 
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shallow,  coarse  textured  soils.  Plant  species  which  occur  more  frequently  on  the  productive 
Sit'  S Include:  wild  oats  (Avena  fatua.  A.  barbata) ; soft  chess  (Bromoa  moUls);  ripgut 

’-.-u.-!  (Bronus  rlaldus);  wild  barley  (Hordeua):  Italian  ryegrass  (Lollim  mult  If  lor  urn);  bur 
clover  (Medicaxo  hlspida).  Forage  species  conmonly  associated  with  less  productive  range 
sites  Include:  foxtail  fescue  (Festuca  nesalura):  red  brcme  (Bromus  rubens);  fllaree 

(Erodlum  botrys,  E^.  clcu.ai  ivm) ; clovers  (e.g.  Trlfollua  mlcrocephalum) ; wild  barley 
(Hordeum) . annual"”forl'«;  bv.r  clover  (Medlcago  hlspida). 

Cattle  and  sneep  are  the  primary  grazers  of  annual  rangeland.  Approximately  50  to  80 
percent  of  the  5.2  million  cattle  and  1.1  million  sheep  In  the  state  spend  a portion  of 
their  lives  or.  the  annual  range.  Grazing  occurs  primarily  during  the  winter  and  spring 
months,  but  some  livestock  operators  retain  their  animals  on  the  dry  annual  rangelands 
throughout  the  summer.  Generally,  however,  once  the  forage  has  been  depleted  or  dried, 
resulting  In  lower  nutritive  quality,  (Hart,  Guilbert,  and  Goss,  1932)  the  animals  are 
moved  from  the  rmige  to  green  pastures  in  the  Central  Valley,  to  feedlots  or  to  perennial 
suoaaer  ranges. 


Range  Conditions  During  the  1972-73  Growth  Period 

The  first  rains  of  the  1972-73  season  fell  In  late  Septenl>er  causing  germination  of 
the  annual  forage  throughout  the  northern  half  of  the  state.  The  second  rains  occurred  in 
mid-October  causing  further  germination  to  the  south  over  approximately  half  of  the  remaining 
range  ^ere  germination  had  not  occurred.  Finally,  rains  during  the  first  and  second  weeks 
of  November  caused  germination  throughout  the  remaining  annual  grassland  areas.  This  south- 
ward progression  of  germination  was  monitored  by  the  LANDSAT  passes  In  October  and  November. 
By  April,  the  forage  in  the  lower  rainfall  belts  had  reached  maturity  and  had  begun  to  dry. 
Drying  occurred  first  along  the  east  side  of  the  Coast  Range  and  gradually  progressed  north- 
ward and  to  higher  elevations  during  Hay.  By  the  end  of  May  most  of  the  annual  forage  in 
the  state  was  dry.  LANDSAT  imagery  obtained  during  this  time  period  made  it  possible  to 
monitor  the  location  and  progression  of  drying  throughout  many  sites  in  the  California 
annual  rangeland.  (Cameggie  & DeGloria,  1973.) 


METHODS 


Collection  of  Ground  Data 

A network  of  sampling  sites  was  established  throughout  the  state  from  regions  repre- 
senting different  climatic  regimes.  Two  of  the  sites  were  the  Pinole  and  San  Luis  Reservoir 
Test  Site  seen  with  the  LANDSAT  image  of  San  Francisco  Bay.  Measurements  and  observations 
of  the  annual  plants  were  collected  between  October  1972  and  June  1973.  ..l  each  site 

observations  of  phenologlcal  stage,  for  example,  the  time  periods  when  germination,  maturity 
and  drying  occurred,  were  recorded.  Ground  photographs  were  taken  periodically  at  each 
sample  site  to  provide  a permanent  record  of  the  phenologlcal  stage  of  plant  growth,  and  the 
relative  condition  (greenness  or  dryness)  of  the  plants. 

At  each  test  site  two  or  three  replicate  samples  of  plant  weight,  height,  and  spectral 
reflectance  were  obtained  periodically  from  grazed  and  ungrazed  plots  located  on  several 
different  sites.  Plant  weight  estimates  were  obtained  by  clipping  the  forage  to  ground 
level  within  a one  square-foot  quadrat.  The  dry  residual  material  from  the  previous  season 
was  removed  and  the  current  growth  was  oven  dried  and  weighed.  Plant  height  measurements 
were  the  average  length  of  the  forage  or  inflorescences  within  the  sample  plots.  Graphs  of 
forage  production  at  grazed  and  ungrazed  plots  at  Pinole  and  San  Luis  Reservoir  appear  in 
Figure  1.  These  graphs  show  the  differences  between  sites  located  in  different  rainfall 
zonas  in  terms  of  date  of  germination,  amount  of  forage  produced  under  moderate  grazing 
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and  without  gracing,  and  the  time  when  production  ceased,  which  generally  coincided  with 
the  drying  period. 

Ground  spectral  reflectance  measurements  were  obtained  at  the  Pinole  Test  Site  through- 
out the  growing  period;  however,  spectral  readings  were  made  only  during  the  rapid  growth 
period  at  other  sites.  Spectral  readings  were  corrected  for  sensitivity  throughout  the 
spectrum  from  AOOnm  to  1200nm.  Corrections  were  not  made  for  sun  angle,  season  of  the  year 
or  time  of  day  because  the  primary  use  of  the  data  was  to  form  spectral  reflectance  ratios 
which  were  coqiared  for  the  different  dates  of  measurement.  Generally  the  spectral  reflec- 
tance readings  were  made  Just  prior  to  the  removal  of  a forage  sample  and  close  to  highest 
s'.m  cenlth.  The  reflectance  ratios  were  formed  by  dividing  reflectance  readings  In  the 
near  infrared  (SOOnm)  by  the  reflectance  leadings  In  the  red  (675nm).  This  ratio  has  been 
shown  to  be  hl^ly  correlated  with  green  biomass  (oven  dried)  in  the  short  grass  prairie 
region  (Tucker,  Miller,  and  Pearson,  1973);  thus,  similar  studies  were  performed  In  the 
California  annual  grassland  to  test  its  applicability.  Roberts  and  Glaldinl  (1973)  have 
shown  that  infrared  reflectance  decreased  while  reflectance  in  the  red  band  Increases  as 
annual  forage  matures  and  dries,  corresponding  to  a declining  amount  of  green  biomass. 

Ratios  formed  by  reflectance  in  the  infrared  and  red  bands  would  decrease  with  declining 
amounts  of  green  biomass.  Other  LANDSAT  investigators  have  also  shown  correlations  between 
green  plant  biomass  and  LANDSAT  reflectance  data  In  bands  7 and  5 (Rouse,  J.  W.  et.al,  1973; 
Maxwell  and  Johnson,  1974).  Figure  2 shows  the  ground  spectral  reflectance  ratio  curves, 
green  forage  production  curves  (oven  dried),  and  i^enologlcal  data  at  the  Pinole  Range  Test 
Site. 


LANDSAT  Imagery  Analysis 

Cloud-free  LANDSAT-1  Imagery  of  the  San  Frmiclsco  Bay  Area  was  available  on  October  6, 
October  24,  1972,  and  January  4,  January  22,  April  4,  April  22,  May  10,  May  28,  and  June  IS, 
1973.  This  imagery  provided  the  opportunity  to  observe  the  initiation  of  germination,  the 
peak  of  the  growth  period,  and  the  progression  of  maturity  and  drying.  LANDSAT-2  Imagery 
taken  over  the  same  area  in  January  1975,  provided  an  opportunity  to  con^are  seasonal 
development  between  growing  seasons. 

Nearly  all  of  the  cloud-free  LANDSAT  Imagery  which  provided  coverage  of  the  ground 
sampling  sites  was  processed  to  color  composites  simulating  color-infrared  Images.  Color 
Plate  I shows  a sequence  of  LANDSAT  color  composites  of  the  test  site  located  in  Pinole 
Valley,  east  of  Berkeley.  The  accompanying  ground  photographs  (Color  Plate  II)  were  taken 
at  approximately  the  same  time  as  the  LANDSAT  images  and  document  the  changes  in  appearance 
and  condition  of  the  forage  during  the  1972-73  growth  period.  Hand  held  vertical  ground 
photographs  were  also  taken  over  each  sample  site  to  provide  a pictorial  record  of  the 
stage  of  plant  development  corresponding  to  the  various  dates  of  LANDSAT  overpasses.  The 
ground  photographs  along  with  the  written  record  of  phenologlcal  stage  provided  the  ground 
references  used  to  evaluate  the  changing  appearance  of  the  annuals  as  viewed  on  the  LANDSAT 
color  composites.  The  LANDSAT  Images  provide  a reference  base  for  recording  and  interpret- 
ing range  condition  throughout  a large  region,  and  for  making  comparisons  of  range  condi- 
tions in  previous  or  subsequent  years.  The  opportunity  provided  by  LANDSAT  imagery  to 
accurately  and  unblasedly  compare  range  conditions  between  grazing  regions  in  any  given 
year,  and  to  compare  conditions  for  a given  site  between  years,  is  fundamental  to  t’ e 
development  of  an  operational  range  monitoring  system. 

LANDSAT  Data  Tape  Analysis 

LANDSAT  tapes  for  all  cloud- free  passes  over  the  San  Francisco  Bay  Area,  which  contain 
the  Pinole  and  San  Luis  Reservoir  Test  Sites,  were  acquired  in  order  to  analyze  the  spectral 
data  in  each  of  the  four  spectral  bands  (4,  green;  5,  red;  6,  near-infrared;  7,  near 
infrared).  The  objectives  for  analyses  were  (1)  to  determine  if  LANDSAT  spectral  data  provide 
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a reliable  aeans  for  asseaslng  forage  conditions,  and  (2)  to  examine  the  relationship 
between  LANDSAT  spectral  data,  ground  spectral  data,  phenology  and  forage  production  curves. 
The  LAHDSAT  tapes  analysed  Included:  July  26,  1972,  August  13,  1972;  October  6,  1972; 

January  4,  1973;  April  4,  1973;  April  22,  1973;  May  10,  1973,  and  May  2b,  1973.  On  each  of 
the  magetlc  tapes,  the  st>ectral  radiance  values  associated  with  two  areas  swasurlng  6x6 
picture  elements  In  else,  (which  corresponded  with  the  Pinole  and  the  San  Luis  Reservoir 
Test  Sites)  respectively,  were  analyzed.  Mo  corrections  were  made  for  atmospheric  variables; 
however,  each  date  of  Imagery  analyzed  was  a relatively  clear  day  without  any  apparent  clouds. 
The  average  and  standard  deviation  were  computed  for  both  areas  for  each  date,  and  for  each 
MSS  band.  Figures  3 and  4 show  the  graphs  of  LANDSAT  spectral  radiance  plotted  over  time 
for  the  Pinole  and  San  Luis  Reservoir  Areas.  Figure  5 shows  the  plot  of  the  spectral 
reflectance  ratio  of  band  7 and  band  S for  Pinole  and  San  Luis  Reservoir  Test  Sites. 


RESULTS 


Manual  Analysis  of  LANDSAT  Imagery  for  Monitoring  Plant  Growth 
and  Range  Condition 

Color  Places  I and  II  show  LANDSAT  Images  (color  composites)  and  ground  photographs 
taken  at  eight  dates  during  Che  1972-73  growth  period  of  the  annual  rangelands  in  Central 
California.  This  photo  sequence  shows  Che  foothills  at  the  Pinole  Test  Site  in  a dry 
condition  on  October  6,  1972,  prior  to  complete  germination.  Sufficient  rainfall  had  fallen 
on  Septend>er  26,  27,  1972,  to  cause  partial  germination  of  annuals  on  Che  bottomland  sites. 
However,  evidence  of  this  partial  germination  is  not  present  in  either  the  ground  photo  or 
the  LANDSAT  image.  New  plants  were  obscured  by  dry  residual  material  from  the  previous 
season  as  seen  on  the  LANDSAT  image,  where  the  foothills  appear  a tan  color  characteristic 
of  dry  vegetation.  A second  storm  occurring  between  October  7 and  13,  1972,  produced  more 
than  sufficient  rainfall  to  cause  complete  germination  of  the  annuals  in  this  region,  so 
that  by  October  24,  1972,  the  foothills  appeared  green  with  the  new  growth  of  the  annual 
plants.  This  Initial  transformation  in  the  appearance  of  the  annual  rangeland  Is  dramati- 
cally illustrated  by  the  LANDSAT  Image  taken  October  24,  1972,  where  the  foothills  around 
the  Pinole  Test  Site  appear  reddish,  corresponding  to  the  presence  of  a new  cover  of  green 
plants.  Initially,  growth  was  rapid,  but  the  cold  winter  temperatures  eventually  suppress 
the  growth  rate.  The  January  4 photographs  (LANDSAT  and  ground)  show  a subtle  change  from 
those  of  October  24,  corresponding  to  a relatively  small  increase  in  cover  and  volume  of 
annual  plants.  Cattle  were  introduced  to  this  rangeland  during  the  last  week  of  Novend>er; 
thus,  the  appearance  of  the  range  in  January  is  affected  by  the  winter  conditions  affecting 
growth,  by  moderate  grazing  pressure,  increased  soil  moisture  and  low  sun  angle. 

In  the  grazing  region  containing  Pinole  Test  Site,  warming  temperatures  caused  increased 
growth  beginning  in  February.  Growth  remained  rapid  reaching  peak  foliage  development  in  mid 
April.  In  grazing  regions  to  the  south  the  rapid  growth  period  started  earlier  and  was  much 
shorter  relative  to  the  Pinole  area. 

The  LANDSAT  and  ground  photograph  taken  April  4,  1973,  shows  the  foothills  appearing  at 
near  their  maximum  green  stage,  considering  the  different  stages  of  development  on  the 
different  sitea  (bottomland,  midslope  and  upland)  which  characterize  this  grazing  region. 

The  intensity  o.'  red  coloration  seen  on  the  LANDSAT  image  (April  4)  indicates  the  annual 
range  is  near  its  peak  green  condition.  It  should  be  recognized  that  at  this  time,  plants  on 
the  upland  sites  had  already  formed  Inflorescence,  while  plants  on  the  midslope  and  bottom- 
land sites  had  inflorescence  which  had  only  recently  emerged  or  were  just  emerging,  respec- 
tively. 
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By  April  22,  forage  planta  on  the  upland  sites  had  begun  to  dry,  while  plants  on 
taidslopa  and  bottomland  sites  had  developed  Inflorescence.  This  change  la  noted  on  the 
LAMDSAX  image  by  a subtle  shift  in  color  from  red  to  red-orange  for  the  Pinole  Test  Site. 

The  first  indication  of  widespread  drying  of  the  annuals  can  be  noted  in  the  ,> rasing  region 
south  and  east  of  the  Pinole  Site.  Here  the  foothills  appear  a yellow-orange  color 
diaracteristic  of  widespread  drying  of  annual  vegetation. 

By  May  10,  all  vegetation  on  upland  sites  in  the  Pinole  Test  Site  had  dried.  Many  of 
the  plants  on  the  midslope  sites  had  also  dried,  and  plants  on  bottomland  sites  had  well 
developed  inflorescence  with  foliage  remaining  green.  On  vhe  corresponding  LANDSAT  image, 
tile  Pinole  Range  Site  appears  an  orange  color.  Along  the  Hast  side  of  the  Coast  range  the 
annuals  associated  with  the  low  rainfall — foothill  areas  (including  the  annuals  at  San  Luis 
Reservoir),  had  coiq>letely  dried  as  evidenced  by  the  yellow  color  of  these  areas  on  the 
imagery.  By  May  28,  most  of  the  annuals  associated  with  upland  and  mldslope  sites  had 
dried,  and  drying  had  begun  on  bottomland  sites.  The  LANDSAT  image  shows  the  foothill  area 
around  Pinole  as  a yellow  orange  color.  Note  that  on  this  LANDSAT  image  most  of  the  annual 
vegetation  on  the  foothills  to  the  east  and  south  had  already  dried.  By  June  15,  all  of 
the  annual  plants  associated  with  the  foothills  in  the  Pinole  Test  Site  had  dried.  The 
LANDSAT  image  accurately  depicts  this  condition,  as  evidenced  by  the  yellow  or  straw 
colored  appearance  of  the  foothills  throughout  the  grarlng  region.  The  colors  of  the  dry 
rangeland  are  much  brighter  than  those  seen  on  the  October  6,  LANDSAT  image  because  there  is 
much  more  residual  dry  material.  Throughout  the  summer,  continued  grazing  use  and/or 
natural  deteriorating  would  cause  the  rangeland  to  return  to  an  appear^mce  very  similar  to 
that  seen  on  October  6,  1972. 

The  sequence  of  LANDSAT  images  with  the  corresponding  ground  photographs  that  show 
range  conditions  in  more  detail,  demonstrate  that  IJ^  LANDSAT  images  are  cloud  free  during 
critical  periods  of  the  growth  cycle  of  the  annual  range,  one  can  monitor  the  timing  of 
these  growth  stages  and  accurately  assess  the  condition  of  the  range  plants.  The  growth 
stages  which  are  critical  are:  the  period  of  germination,  the  time  of  peak  foliage 

development  which  coincides  with  the  time  Chat  most  of  the  plants  have  intiorescence  in 
Che  dough  or  green  stage,  and  the  period  of  drying.  To  the  extent  that  these  stages  can 
be  documented,  managers  can  determine  the  length  of  the  green  feed  period,  the  time  when 
the  foliage  is  near  its  peak  nutritional  quality,  Che  time  when  drying  occurs,  which 
reduces  the  quality  of  the  forage,  fuel  hazard,  and  the  availability  of  green  forages.  The 
time  when  these  phenological  events  occur  in  relaMuu  to  the  expected  or  average  time  of 
occurrence  can  signal  whether  t'^e  current  forage  crop  is  below  average  or  above  average; 
hence,  forage  production  can  be  inferred  from  a prior  knowledge  of  the  average  timing  of 
growth  stages.  Moreover,  Che  large  area  coverage  of  LANDSAT  provides  a meane  for  detei- 
minlng  the  progression  of  growth  in  the  different  grazing  regions  of  the  California  Annual 
grassland.  Thus,  in  any  given  year,  drought  affected  areas  or  areas  receiving  below  normal 
amounts  of  rainfall,  (hence  lower  forage  production)  can  be  located,  and  the  areal  extent 
of  these  areas  determined.  Similarly,  LANDSAT  Images  can  also  show  rangelands  where  above 
normal  rainfall  distributed  throughout  the  growth  cycle  has  resulted  in  a prolonged  green 
feed  period  resulting  in  greater  forage  production  and  livestock  weight  gains. 

Thus,  manual  interpretation  of  LANDSAT  color  composites  can  accurately  determine  the 
timing  of  three  critical  growth  stages.  However,  cloud  coverage  during  any  of  these 
periods  substantially  reduces  the  advantage  of  LANDSAT  for  acquiring  this  information  in 
coa^arison  to  conventional  methods.  To  reduce  the  possibility  of  acquiring  unsuitable 
coverage  during  the  critical  stages,  additional  satellites  or  more  frequent  coverage 
would  be  required.  As  an  alternative,  light  aircraft  could  be  used  for  reconnaissance 
purposes  during  critical  observation  periods  if  cloud  coverage  was  known  to  obscure  the 
rangeland  at  the  time  of  LANDSAT  overpasses.  In  spite  of  the  problem  presented  by  cloud 
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covaragc,  rloud-free  lufas  permit  one  to  estimete  the  portion  of  rangeland  which  has 
already  dried,  rangeland  which  ia  drying,  and  rangeland  which  is  still  green.  Sudi  an 
asaessBRit  can  be  used  to  predict  the  oouat  of  anlnal  aoveaent  from  the  range,  and  deter- 
■bie  tdiere  the  movement  originates.  Horeover,  one  can  determine  idiich  areas  are  still 
gre«i  and  m^e  predicti<ms  regarding  the  amount  of  time  that  the  forage  tiould  remain 
green,  given  particular  weather  conditions.  Finally,  maps  showing  different  seasonal 
conditions  could  be  produced  each  year  for  comparison  with  known  conditions  on  previous 
and  subsequent  years,  and  statements  regarding  present  conditions  (greenness  or  dryness; 
or  productivity)  in  relation  to  past  conditions  could  be  made.  The  value  of  these 
interpretations  can  be  realised  through  better  planning,  predictions,  and  wiser  decisions 
regarding  rate  and  location  of  animal  aoveaent,  need  for  supplemental  feed,  amount  and 
location  of  residual  dry  material  which  causes  critical  fire  hasard,  and  amount  and 
quality  of  green  feed  in  relation  to  (a)  previous  years  or  (b)  an  established  normal. 

Color  Plate  III  shows  a LAMDSAT-2  color  composite  of  rangelands  adjacent  to  the  San 
Fmcisco  Bay  Area,  takxa  cm  January  24,  1975.  When  ccmpared  with  the  LANDSAT-1  image 
dated  January  4,  1973  in  Color  Plate  1,  one  can  readily  detect  differences  in  the  colors 
associated  with  the  rangelmid  vegetaticm.  The  dull  pink  colors  in  the  LANDSAT-2  image 
(January  24,  1975),  correctly  signify  that  forage  growth  had  not  progressed  as  rapidly  for 
the  1974-75  growth  seascm  compared  with  the  1972-73  growth  seascm.  In  fact,  rainfall 
during  the  1974-75  seascm  was  50-60Z  below  normal  at  the  tine  the  L^DSAT-2  image  was 
taken.  Mot  cmly  was  plant  developaent  slow,  but  forage  product5.on  was  also  below  noraial. 
Ranc^hers  were  obliged  to  reduce  number  of  livestock  and/or  provide  feed  supplements  for  a 
Icmger  period  of  time.  The  important  value  of  the  LANDSAT  data  is  in  providing  a pema- 
nent,  unbiased  record  for  comparing  range  cmaditions  at  approximately  the  same  time  period 
in  two  different  growing  years. 

Monitoring  Plant  Growth  and  Range  Ccmditions:  Quantitative  Analysis  of 

LANDSAT  Tapes  and  Grocmd  Spectral  Reflectance  Data 

Ground  spectral  reflectance  data.-  Throu^out  the  1972-73  grcwth  season  ground 
spectral  reflectanc:e  (reflected  radiant  energy)  measurements  were  made  at  frequent 
intervals  at  the  Pinole  Test  Site.  For  the  most  part,  reflectance  measurements  were  made 
at  randomly  selected  locations  on  both  grazed  and  ungrazed  bottomland,  upland  and  midslope 
sites.  Once  a spectral  reflectance  measurement  had  been  obtained,  the  plot  was  clipped, 
mid  the  weight  of  the  forage  recorded.  The  spectral  reflectance  values  corresponding  to 
675  mid  800  nancnmters  were  formed  into  a ratio  and  this  ratio  plotted  over  time  for  the 
growth  seascm.  Figure  2 penalts  a comparison  of  the  spectral  reflectance  ratio  curves  for 
three  sites  in  the  Pinole  Test  Site  with  the  corresponding  green  forage  production  data 
(oven  dried)  associated  with  the  same  range  sites. 

The  similarity  between  the  specttal  reflectance  ratio  curve  and  the  green  forage 
producticm  curve  can  be  seen  in  Figure  2.  The  spectral  reflectance  ratios  increase 
dramatically  ct  the  outset  of  the  grcwth  seascm  corresponding  to  the  period  when  germina- 
tion has  occurred.  That  the  ratio  for  the  upland  site  was  so  high  can  be  explained  in 
part  by  the  complete  cover  of  new  vegetation  and  partly  by  the  reflectance  characteristics 
of  the  species  occupying  these  sites.  The  ratios  decrease  markedly  at  the  end  of  the 
growth  season  corresponding  to  the  drying  period  prior  to  complete  senescence  of  the 
forage  crop. 

The  time  when  the  spectral  reflectance  ratios  peak  is  of  particular  importance.  For 
each  site,  both  grazed  and  ungrazed,  the  peak  of  the  ratio  curve  occurs  at  the  growth 
stage  corresponding  to  early  inflorescence  development.  This  growth  stage  occurs  just 
prior  to  the  time  when  foliage  production  is  at  its  peak  and  the  nutritive  quality  of  the 
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forage  is  also  near  laaxlaiui.  It  should  be  noted  that  the  ratio  curve  peaks  first  for  the 
Inland  site,  followed  by  the  interstediate  and  then  the  bottoaland  site.  The  time  of  these 
peaks  and  the  order  of  their  occurrence  are  consistant  with  the  docuaented  phenological 
ground  conditions  at  these  sites  which  are  diagramed  in  Figure  2. 

Finally,  the  relative  difference  in  magnitude  of  the  peaks  of  the  ratio  curves 
correspond  with  the  relative  difference  in  the  forage  production  curve  peaks  associated 
with  the  three  respective  sites.  These  data  indicate  that  the  spectral  reflectance  ratio 
(800/675)  is  a sensitive  indicator  of  the  relative  difference  in  green  forage  when 
different  sites  are  compared.  In  addition  it  appears  that  the  peak  of  the  ratio  curve 
coincides  with  the  period  when  Che  forage  is  at  its  peak  green  stage,  just  prior  to 
maximum  foliage  production. 

LAN PS AT  spectral  reflectance  data.-  LANDSAT  spectral  radiance  data  for  the  Pinole 
and  Che  San  Luis  Reservoir  Test  Sites  was  extracted  from  LAMI^AT  computer  coi^tatible 
capes.  The  average  radiance  value  and  the  standard  deviation  of  this  mean  for  the  two 
6x6  picture  element  areas  were  determined  from  LANDSAT  tapes  acquired  on  August  13, 
and  October  6,  1972,  md  January  4,  April  4,  April  22,  Hay  10,  and  Hay  28,  1973.  The 
average  radiance  for  each  of  the  four  KSS  bands  is  plotted  against  the  date  of  acquisition 
in  Figures  3 and  4 for  Che  Pinole  Test  Site  and  San  Luis  Reservoir  Test  Site,  respectively. 
These  two  Test  Sites  were  selcted  for  comparison  because  they  occur  within  the  same 
LMDSAT  frame,  and  because  they  are  in  two  different  rainfall  zones.  The  Pinole  Test  Site 
is  in  a SO  cm.  rainfall  zone  having  a green  feed  period  of  about  7^  months;  whereas,  San 
Luis  Reservoir  Site  is  in  a 25  cm.  rainfall  zone  having  a green  feed  period  of  about  6 
months. 

An  examination  of  Che  LANDSAT  radiance  curves  for  Pinole  and  San  Luis  Reservoir  Test 
Sites  reveals  that  the  radiance  values  for  all  spectral  bands  decreases  from  the  dry 
sunoaer  stage  to  the  period  of  first  rainfall  or  germination.  Once  the  annual  plants  have 
germinated  the  infrared  bands  6 and  7 increase  in  reflected  radiance  in  response  to 
increasing  cover  and  density  of  forage.  The  visible  bands  4 (green)  and  5 (red)  decrease 
in  reflected  radiance  due  to  absorption  of  these  wavelengths  by  the  plants,  and  remain 
fairly  constant  through  Che  slow  growth  period  during  the  winter  months.  When  growth 
begins  to  accelerate  in  late  winter  and  early  spring,  reflected  radiance  in  the  infrared 
wavelengths  increases  rapidly  while  Che  visible  wavelengths  increase  very  slowly.  Both 
infrared  radiance  curves  (bands  6 and  7)  peak  when  inflorescence  are  developing.  This  is 
also  when  the  forage  is  at  its  peak  green  stage,  just  prior  to  maximum  green  forage 
production.  The  radiance  curves  for  the  Infrared  bands  decrease  in  response  to  Che 
drying  of  the  annual  vegetation.  LANDSAT  radiance  for  bands  4 and  5 increases  rapidly 
during  the  time  period  coinciding  with  inflorescence  maturity  and  the  onset  of  drying  on 
the  shallow  sites.  Approximately  1 month  after  radiance  in  the  infrared  bands  has  reached 
a peak,  radiance  values  from  bands  4 and  5 cross  over,  due  to  Che  more  rapid  Increase  in 
radiance  oi  band  5 compared  to  band  4 during  this  period.  This  rapid  increase  in  band  5 
radiance  is  correlated  with  Che  period  of  rapid  drying  of  the  annual  forage.  Moreover, 
this  cross-over  period  occurs  when  forage  on  approximately  half  of  the  range  sites  is  dry, 
%«hile  the  other  half  is  green  and  maturing.  Once  all  the  annual  vegetation  has  dried, 
the  radiance  curves  return  to  approximately  the  same  level  as  those  for  the  summer  stage 
in  the  previous  ye  ir.  The  late  spring  (1973)  radiance  levels  are  slightly  above  the 
radiance  levels  for  the  previous  summer,  (1972)  because  a greater  amount  of  dry  residual 
material  remains  on  the  sites  at  the  outset  of  the  summer  of  1973. 

The  shape  of  the  LANDSAT  radiance  curves  is  similar  for  the  Pinole  and  San  Luis 
Reservoir  Test  Sites  (Figure  3 and  4,  respectively)  despite  differences  in  the  amount  of 
forage  produced  and  the  length  of  the  green  feed  period.  For  example,  at  both  Test  Sites 
the  outset  of  germination  was  indicated  when  radiances  from  all  four  bands  are  very  nearly 
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the  swe.  and  frc»  which  point  the  infrared  bands  increase  id>ile  the  visible  bands 
decrease  in  radiance  value.  Notice  this  separation  point  occurs  in  aid-October  for  the 
Pinole  Site,  but  does  not  occur  until  early  Noveaber  for  the  San  Luis  Reservoir  Site. 

(This  is  consistent  with  the  ground  observations.)  The  radiance  curves  for  the  infrared 
bands  peak  in  nid-April  at  Pinole  and  prior  to  early  April  at  San  Luis  Reservoir  Site. 

These  peaks  coincide  with  the  tine  when  the  annuals  were  at  their  peak  green  stage  and 
when  green  forage  production  was  near  naxiwai.  Radiance  values  from  bands  4 and  5 cross 
over  in  nid>Hay  at  Pinole  and  add-April  at  Sw  Luis  Reservoir  Site.  These  crossovers 
coincide  with  the  period  when  half  of  the  forage  was  dry  at  each  site,  respectively. 

The  conclusion  to  be  drawn  froa  these  curves  is  that  LANDSAT  radiance  data  appears 
to  provide  a quantitative  aeasure  of  the  tine  of  gemination,  the  tiae  of  peak  grecsiness 
or  near  aax:'.aun  forage  production,  tine  when  half  of  the  forage  is  dry,  and  the  tine  when 
drying  is  coaplete.  This  infomation  pemlts  detemln-ition  of  the  length  of  various  growth 
stages  throughout  the  life  cycle  of  the  annual  forage  plants.  The  LANOSAT  spectral  data 
correctly  revealed  that  annual  plants  geminated  later,  and  natured  and  dried  earlier  at 
Sm  Luis  Reservoir  conpared  to  sinilar  plntits  at  Pinole. 

LANDSAT  radiance  data  f ron  band  7 nad  5 were  formed  into  a ratio  (7  over  5) , and 
plotted  over  tine  (the  dates  of  acquired  cloud  free  LANDSAT  Data).  The  radiance  ratio 
curves  for  both  Pinole  and  San  Luis  Reservoir  are  plotted  in  Figure  5.  The  curves  reach 
a low  point  at  or  before  gemination.  The  ratio  curves  peak  during  the  spring  coinciding 
with  Che  occurrence  of  peak  foliage  production.  Thereafter,  the  curves  fall  signaling 
the  period  of  drying  following  the  naxiiaua  green  period.  Once  Che  curves  level  off,  one 
can  conclude  that  all  annual  vegetation  has  dried. 

The  LANDSAT  radiance  ratio  curve  for  Pinole  is  an  integration  of  reflected  radiance 
fron  bottoaland,  nidslope  and  upl^d  sices  tihich  are  contained  within  the  36  picture 
eleannt  study  area.  This  curve  co^>ares  favorably  in  shape  with  the  ground  reflectance 
ratio  curves  for  each  range  site  seen  in  Figure  2,  if  one  disregards  Che  high  reflectance 
ratios  aeasured  on  Che  ground  early  in  the  growth  season. 

VRien  Che  LANDSAT  radiance  ratio  curve  for  Pinole  is  conpared  with  the  one  for  San 
Luis  Reservoir  (Figure  5),  one  can  observe  the  difference  in  timing  of  critical  growth 
stages.  Moreover,  the  difference  in  magnitude  for  these  two  curves  corresponds  to  the 
relative  difference  in  forage  production  at  the  two  range  sites.  Thus,  the  LANDSAT 
radiance  ratios  appear  to  provide  a valid  quantitative  method  for  coiq>aring  relative 
differences  in  forage  production  for  different  grazing  regions  throughout  the  annual 
grassland,  as  well  as  assessing  the  timing  of  growth  stages,  and  determining  range 
condition  (greenness  or  dryness). 


DISCUSSION 


Monitoring  Growth  Stages  and  Condition  of  Annual  Forage 

Although  a complete  sequence  of  cloud  free  LANDSAT  images  was  not  obtained,  coverage 
at  the  critical  growth  periods  was  available  for  the  San  Francisco  Bay  Area  frame  to 
demonstrate  that  the  time  of  growth  events,  the  stage  of  plant  development,  and  tne 
condition  of  the  annual  forage  can  be  determined  from  manual  interpretation  of  LANDSAT 
imagery.  The  critical  stages  which  must  be  monitored,  in  order  to  assess  th?  relative 
length  of  the  green  feed  period,  to  assess  relative  productivity  and  forage  quality,  and 
to  determine  the  availability  of  green  forage,  are  the  period  of  germination,  the  peak  of 
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the  green  foliege  production  stage,  and  the  period  of  drying.  If  LAMDSAT  coverage  is  not 
avail^le  or  of  unusable  quality  due  to  cloud  coverage,  then  supplemental  data  would  be 
required.  This  could  be  in  the  form  of  ground  reconnaissance  or  aerial  reconnaiasance 
frmi  a light  aircraft.  If,  however,  supplemental  data  is  required  for  more  than  one  of 
the  three  critical  growth  stages,  the  efficiency  gained  from  interpreting  LANDSAT  imagery 
decreases. 

Miereas  manual  Interpretation  of  LAMDSAT  imagery  appears  to  be  sufficient  for 
identifying  forage  growth  stage  and  condition,  the  element  of  interpreter  std>jectivity 
is  inherent  in  the  analysis  of  the  images.  Interpreter  subjectivity  by  Itself  is  not 
sufficient  reason  to  discoimt  the  potential  beneficial  applications  for  using  repetitive 
satellites  to  monitor  changes  in  the  condition  of  the  California  annual  grassland,  but 
an  operational  system  which  proposes  to  not  only  determine  rmige  conditions  but  provide 
predictions  of  forage  production  and  extended  length  of  the  green  feed  period,  of  necessity 
requires  more  quantitative  methods.  Consistent  with  this  need,  the  results  fr<»  analysis 
of  ground  reflectance  measurements  coupled  with  analysis  of  LANDSAT  spectral  radiance  data, 
indicate  that  changes  in  spectral  reflectance  characteristics  of  the  annual  grassland 
provide  the  quantitative  indicators  of  plant  growth  stage  and  range  condition.  Specifi- 
cally, the  spectral  radiance  data  from  the  LANDSAT  MSS  bands. and  ratios  of  selected 
ban&  ^pear  to  provide  accurate  indicators  of  germination,  peak  of  green  foliage 
develo|»ent,  and  the  drying  period.  Moreover,  the  shape  and  magnitude  of  these  reflectance 
data  curves  plotted  over  Cine  provide  a measure  of  the  relative  difference  in  condition 
and  production  and  a measure  of  the  differences  in  tining  of  growth  stages  between  sites 
or  grazing  regiems.  To  the  extent  that  LANDSAT  data  is  available  at  similar  dates  in 
different  growing  seasons,  (xie  can  determine  differences  in  time  of  growth  stage  and 
productivity  between  years.  This  may  be  as  important  an  application  of  LANIKAT  data  as 
monitoring  differences  in  development  of  Che  different  grazing  regions  within  a single 
season. 

The  criteria  required  for  an  operational  monitoring  system  would  include:  (1) 

cloud  free  LANDSAT  Capes  (corrected  for  atmospheric  differences)  from  representative  Test 
Sites  or  analogous  alternative  sites  during  critical  growth  periods  which  will  occur  at 
different  and  unpredictable  times  at  Che  different  grazing  regions  within  Che  state;  (2) 
less  than  one  week  tum-around  time  for  receipt  of  Capes  during  the  peak  of  foliage 
development  and  Che  drying  period;  (3)  backlog  of  phenology  and  production  data  upon 
which  to  make  predictions  of  remaining  length  of  green  feed  period,  and  regression  equa- 
tions for  relating  LAMDSAT  spectral  reflectance  (radiance)  values  to  estimates  of  forage 
production;  and  (4)  a medium  for  disseminating  data  to  potential  users.  The  LANDSAT 
system  is  vital  in  acquiring  the  data  base  required  for  the  surveillance  of  the  annual 
grassland  for  the  following  reasons:  The  annual  grassland  encompasses  a large  area 

(approximately  8-10  million  hectares) ; the  range  of  annual  grasslands  in  the  state 
encompasses  many  different  environments  from  the  12  cm.  rainfall  zone  to  the  100  cm.  rain- 
fall zone,  from  sealevel  Co  1000  meters,  and  a wide  tenperature  range  throughout  approxi- 
mately 8 degrees  of  latitude;  the  repetitive  coverage  over  the  same  areas,  the  use  of 
scanner  data  and  transmission  equipment  shows  different  range  areas  under  the  same 
lighting  making  comparisons  of  sites  valid. 

Determining  Relative  Amount  of  Forage  Within  and  Between  Seasons 

Estimating  or  predicting  the  amount  of  forage  produced  within  a given  grazing  region 
for  a given  year  is  a difficult  yet  important  task  for  managers  of  forage  resources. 
Conventional  methods  are  generally  Inadequate  or  unrepresentative  of  large  areas  to  provide 
a valid  assessment  of  Che  quantity  of  forage  produced  within  and  between  seasons.  However, 
Che  feasibility 'of  using  remote  sensing  data  Co  estimate  or  predict  forage  biomass  is 
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demonstrated  both  in  the  literature  (Tucker,  Miller,  and  Pearson,  1973;  Rouse,  1973; 
Maxwell  «id  Johnson,  1974)  and  by  the  relationships  discussed  in  this  study.  Nuely,  that 
relative  differences  in  forage  production  for  different  sites  in  the  same  area  (Pinole) 
correspond  closely  to  difference  in  measured  ground  spectral  radiance  from  the  forage  at 
these  sites.  Moreover,  relative  differences  in  forage  production  at  two  different  grazing 
regions  (viz.  Pinole  and  San  Luis  Reservoir)  are  expressed  in  this  sttxly  by  measured 
differences  in  LAND5AT  spectral  radiance  data  extracted  directly  from  the  LMDSAT  tapes. 
What  is  common  to  these  methods  for  assessing  forage  production  is  the  apparent  high 
correlation  between  spectral  reflectral  ratios  in  specific  bands  (vis.  the  red  and  near 
infrared  bands)  mod  green  forage  biomass.  Deviations  from  this  relationship  were  noted 
early  in  the  growth  season  when  higjh  reflectance  ratios  did  not  correspond  to  hi^  biomass 
values.  Unusual  reflectance  values  were  explained  by  active  plant  metabolism  mod  by 
morphological  characteristics  of  the  plants  during  an  early  stage  of  growth.  Althou^ 
atmospheric  haze  was  not  a problem  in  this  study,  it  is  not  known  to  what  extent 
atmospheric  conditions  could  Invalidate  the  close  relationship  between  biomass  and 
reflectance  diaracteristics. 

Although  the  feasibility  of  assessing  relative  differences  in  forage  production 
within  mid  bettreen  sites  is  encouraging,  range  managers  still  seek  reliable  data 
regarding  the  estimated  amount  of  standing  biozmss.  Such  estimates  cmi  be  obtained  using 
regression  equations  %rhich  regress  LANDS AT  spectral  radiance  data  with  ground  sampled 
forage  production  data.  Further  study  is  needed  in  the  area  of  ground  SMpling  required 
to  provide  valid  forage  production  data  to  be  compared  with  the  LANDS AT  spectral  data. 

The  problem  is  that  a single  LANDS AT  picture  element  or  a group  of  LAHDSAT  picture 
elements  may  integrate  many  range  sites  with  varying  amounts  of  forage  production.  Thus, 
it  is  important  to  obtain  ground  samples  in  such  a manner  as  to  determine  average  forage 
production  associated  with  a single  or  group  of  picture  elements. 

A second  approach  to  estimating  forage  production  using  direct  Inputs  from  LAHDSAT 
imagery  is  based  upon  prior  knowledge  of  the  average  forage  proikiced  (in  a given  area) 
associated  with  an  average  growth  cycle.  Here,  departures  from  the  normal  growth  cycle 
as  expressed  by  the  length  of  the  green  growth  period  and  by  the  condition  of  the  forage, 
combined  with  measured  departures  of  LAHDSAT  spectral  reflectance  data  provide  the 
indicators  of  below  or  above  noraal  forage  production.  Whereas,  assessment  of  below  or 
above  normal  conditions  favorable  for  below  or  above  normal  forage  production  is  still 
qualitative,  the  use  of  regression  models  (simple  or  imiltiple  regression)  which  incorpo* 
rate  LANDS AT  spectral  reflectance  data,  ground  data  and  climatic  data  where  appropriate, 
enables  more  quantitative  predictions  of  forage  production  to  be  made.  Within  a growth 
season,  some  grazing  regions  may  experience  dbove  normal  conditions  for  growth,  while 
others  experience  noczial  or  below  normal  conditions  for  growth.  Provided  that  the  normal 
conditions  are  known  for  each  of  these  grazing  regions,  one  can  determine  relative 
differences  in  production  between  grazing  regions  for  a given  season.  Similarly,  when 
the  average  conditions  are  known  for  a given  grazing  region,  departures  from  this  average 
can  be  monitored  using  LANDSAT  data  and  differences  in  forage  production  between  seasons 
determined  quantitatively.  The  extent  to  which  assessment  of  length  of  green  growth 
cycle  and  forage  production  can  be  made  efficiently  for  large  grazing  areas  depends  upon 
the  availability  of  LANDSAT  data  obtained  at  critical  periods  during  the  growth  cycle.  To 
determine  the  length  of  the  growth  cycle  which  is  one  variable  closely  associated  with 
the  amount  of  forage  produced,  one  must  acquire  cloud  free  coverage  during  the  germination 
period  and  the  maturation  and  drying  period  at  the  end  of  the  cycle.  In  order  to  assess 
differences  In  amount  of  forage  through  analysis  of  LANDSAT  spectral  data,  the  LANDSAT 
data  must  be  acquired  at  the  peak  of  the  green  forage  production  stage.  Differential 
drying  of  plants  after  this  period,  causes  radiance  ratio  values  to  decline  although 
there  may  continue  to  be  a small  increase  in  total  forage  produced. 
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LANDSAT  lugery  M a Heana  for  Locating  Available  Forage 


In  Color  Plate  I the  greenness  or  dryness  of  the  forage  can  be  deteralned  visually 
upon  inspection  of  the  LANDSAT  ieages.  Horeover»  the  location  of  the  areas  possessing 
green  forage  during  the  latter  portions  of  the  growth  cycle  can  be  readily  deteralned. 

Since  this  may  vary  from  year  to  year,  the  LANDSAT  aonitoring  systea  provides  a poten- 
tially valuable  tool  for  deteraining  areas  whldi  either  have  ^undent  green  forage  due 
to  favors le  aaount  and  distribution  of  rainfall,  or  areas  irtilch  have  dry  forage 
relatively  early  In  the  growth  cycle  due  to  unseascmably  low  rainfall. 

Because  the  Utttl^AX  spectral  radiance  response  curves  (Figures  3 and  A)  Indicate 
changes  In  the  condition  (greenness  or  dryness)  and  phenology  of  the  forage,  a quantita- 
tive approach  to  determination  of  forage  condition  and  location  is  made  possible.  Further- 
more, because  of  the  distinctive  spectral  radiance  differences  between  green  and  dry 
forage,  automatic  classification  is  a feasible  aid  accurate  method  for  determining  the 
location  and  the  area  of  range  land  which  contains  green  healthy  forage. 


SU)«ARY  AND  CONaUSIONS 


In  this  feasibility  study  LANDSAT  imagery  and  magnetic  tapes  were  analyzed  to 
determine  their  utility  for  monitoring  aid  assessing  range  condition  within  the  annual 
grassland  in  California.  LANDSAT  data,  forage  samples  at  selected  range  sites,  and 
ground  spectral  reflectance  data  were  all  examined  in  order  to  verify  the  usefulness  of 
LANDSAT  imagery  for  determining  range  condition,  growth  stage  and  assessing  relative 
forage  production.  The  results  of  ground  spectral  reflectance  data  compared  with  green 
forage  production  data  show  a close  correspondence  between  spectral  reflectance  ratios  and 
green  biomass.  Changes  in  ground  spectral  reflectance  data  also  correspond  with  observed 
changes  in  growth  stage  and  condition  of  the  forage  species.  Moreover,  LANDSAT  spectral 
reflectance  data  provides  quantitative  signals  of  significant  growth  stages  in  the 
development  of  annual  forage  species.  Relative  differences  in  forage  production  are  also 
indicated  by  the  LANDSAT  spectral  radiance  data. 

It  has  been  Illustrated  that  LANDSAT  color  composite  Images  provide  a visual  picture 
of  the  condition  of  the  rangeland.  Repetitive  sequences  of  these  images  provide  the 
means  for  monitoring  change  in  condition  and  conqiarison  of  condition  of  different  range 
areas.  When  LANDSAT  spectral  radiance  data  is  extracted  from  specific  range  sites,  one 
can  determine  quantitatively  the  occurrence  of  germination,  the  peak  of  foliage 
production,  and  the  period  of  drying  from  spectral  curves  constructed  from  a sequence  of 
LANDSAT  Images.  In  addition,  ratios  of  spectral  bands,  nanely  7 over  5,  provide  a sensi- 
tive indicator  of  changes  in  growth  stages  and  an  indication  of  the  relative  differences  in 
forage  production  when  two  or  more  range  areas  are  compared. 

Provided  that  cloud  free  LANDSAT  coverage  is  available  during  critical  growth  stages 
of  the  anr.ual  plants,  namely,  germination,  pe^  of  foliage  production  and  period  of 
maturation  and  drying,  LANDSAT  data  can  be  used  to;  (a)  assess  differences  in  range 
condition  on  a regional  basis,  (b)  compare  differences  in  production  between  grazing 
regions  for  a given  year;  and  (c)  compare  differences  in  condition  and  production  for  a 

given  site  between  years.  Moreover,  the  length  of  the  green  feed  period  can  be  determined 
and  this  information  along  with  ground  samples  of  forage  production  and  climatic  data  can 
provide  the  inputs  to  simple  models  for  estimating  forage  production  or  determining  the 
remaining  length  of  the  green  feed  period  beyond  a definable  threshold  date  late  in  the 
growth  cycle  of  the  annuals. 
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The  anticipated  benefits  from  LANDSAT  monitoring  of  annual  range  vegetation  Include: 
(1)  more  accurate  determination  of  germination  ffiid  drying  periods  for  planning  move- 
ment of  grazing  animals  to  or  from  annual  grassland  ranges;  (2)  predictions  of  the 
remaining  length  of  the  green  feed  period  made  early  enough  to  plan  more  efficiently  for 
alternative  sources  of  livestock  feed;  (3)  coBq>arison  of  conditions  and  relative  forage 
production  between  grazing  areas  within  a season*  and  comparison  of  condition  and 
productivity  for  a given  area  between  seasons;  (4)  determination  of  time  when  dry  forage 
creates  a fire  hazard  in  order  to  better  allocate  men  and  equlpMnt  for  fire  suppression; 
and  (5)  assess  extent  and  location  of  grazing  areas  influenced  by  abnormal  climatic 
conditions,  be  it  drought  or  abundance  of  forage. 
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FIGURE  1,  Total  forage  production,  exclusive  of  residual  material  (over  dry  weight)  at  two  of  three  sample  sltca  at 
Pinole  and  at  two  sample  sites  near  San  Luis  Reservoir.  Samples  were  collected  during  the  1972-73  grazing  season. 
Those  made  from  ungrazed  plots  are  Indicated  by  an  open  circle.  Note  that  forage  production  at  Pinole  la  nearly 
double  the  production  at  San  Luis  Reservoir  Test  Site. 


PINOLE  VALLEY  RANGELAND  TEST  SITE 
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Green  forage  production  and  spectral  reflectance  ratio  curves  are  plotted,  and  plant  phenology  is 
docu’nrnted  over  time  for  three  range  sites  at  the  Pinole  Test  Site.  Note  the  correspondence  of  the 
shape  of  the  curves  (both  production  and  reflectance)  to  changes  in  plant  phenology  as  the  annual 
grassland  progresses  toward  maturity  and  subsequent  drying.  This  correspondence  Is  evident  in  both 
the  grazed  and  ungrazed  portions  of  the  range  sites.  The  phenologlcal  stages  observed  and  documented 
include  dry,  green  foliage  development.  Inflorescence  development  (INF  DEV),  inflorescence  mature 
(INF  MAT),  Inflorescence  dry  (INF  DRY)  and  dry. 
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FIGURE  A.  LANDSAT  Spectral  reflectance  curves  for  each  MSS  band  (A, 5, 6, 7)  plotted  over  tine  for  the  San  Luis  Reservoir 
Test  site.  The  data  used  in  this  graph  was  extracted  from  LANDSAT  tapes  for  a 6 x 6 picture  element  area  which  Includes 
the  test  site  where  ground  data  was  collected.  Note  how  changes  in  the  curves  correspond  with  phenological  stages  of 
plant  growth. 
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FIGURE  5.  LANDSAI  spectral  reflectance  ratio  curves  for  the  Pinole  and  San  Luis  Reservoir  Test  Sites.  The  ratio 
(band  7/band  5)  is  plotted  over  time  for  the  1972—73  grazinp  season.  Note  how  changes  in  the  curves  correspond  to  the 
time  of  occurrence  of  phonological  stages  of  plant  growth.  Difference  in  magnitude  of  the  curves  suggest  the  relative 
difference  in  forage  production  between  the  two  sites. 
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COLOR  PLATE  I.  This  sequence  of  LANDSAT  color  composites  shows  the  changing  appearance  of  the  California  annual 
^r.-issLinJ  adjacent  co  the  San  Francisco  Bay  Area.  The  Pinole  Test  Site  is  located  northeast  of  San  Francisco  across 
the  B,w  and  beyond  the  metropolitan  area  of  the  East  Bay  cities  of  Oakland,  Berkeley  and  Riclraond.  The  annual  grasslands 
.ire  readily  IdcfUlf  led  on  the  October  6 color  composite  by  their  tan  to  gray  color  which  indicate  that  the  rangelands 
.ire  islill  dry.  Sot*  that  on  subsequent  dates  germination  and  progressive  plant  growth  account  for  the  shift  fraa  tan 
tu  pink  coLjrs  corresponding  to  the^presence  and  vigor  of  the  green  annual  plants.  These  rangelands  reach  a stage  on 
.•»pril  .4,  Wiicre  toli.age  production  is  near  maximum,  hence  the  bright  red  color  seen  nr,  the  LANDSAT  color  composite 

Progressive  drying  beyond  April  4 ac.. unr  for  the  shift  In  colors  fr<»  bright  red  to  orange  to  yellow.  The  ground 
swn  In  COLOR  PLATE  II  show  how  Che  annual  rangeland  appeared  on  the  dates  of  Che  LASDSAT  overpasses. 


Oaiwary  4, 1973  April  4, 1973 


COLOR  FLAIL  U.  ThJs  sequence  of  eight  ground  photographs  shows  the  changing  appearance  of  the  annual  grassland  range  at 
the  i'inult!  Test  Site  during  t!ie  1972-73  growing  period.  The  dates  of  the  ground  photographs  coincide  with  the  dates  of 
L.IIIWAI'  overpasses.  The  j.AN'DSAT  color  composite  images  for  the  corresponding  dates  are  seen  In  COWR  PLATE  I.  Mote 
that  giTUiinac  Inn  of  the  imnuals  h.is  occurred  between  October  b and  October  24,  1972.  Note  also  that  on  April  4,  1973, 
the  rar.gelnnii  still  appt.nra  green,  but  progressive  drying  of  the  forage  plants  Is  evident  on  subsequent  ground 
phot.Kijr.if’hs,  In  e;,irly  April  the  forage  plants  had  reached  their  peak  for  foliage  production  and  were  rapidly  developing 
in  florescence  and  maturing. 


COLOR  PIATE  HI.  This  LASnSAT-2  color  composite  of  the  San  Francisco  Bay  Area  shows  the 
location  of  the  Pinole  and  San  tMis  Reservoir  test  sites  discussed  in  this  paper.  This 
image  was  taken  on  January  24,  1975,  and  provides  <an  opportunity  Co^  ctmpare  range  rondl- 
tkms  In  January  1975  with  conditinns  in  January  1973  (COLOR  PLATE  I).  The  relatively 
brighter  pink  color  associated  with  the  annual  grasslands  as  seen  on  the  January  4,  1973 
LAN'DSAT-l  inagc  correctly  Indicates  chat  plant  growth  and  forage  production  In  January 
1973  exceeded  chat  Ir.  January  1975.  Range  conditions  in  January  1973  were  normal  or 
slight  I V in  excess  of  nf>rn/t!,  whereas  In  January  1975  range  conditions  were  considerably 
below  normal  causing  ranchers  to  reduce  stocking  rates  and  provide  feed  supplements  to 
sMst.’-in  their  grazing  animals. 
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MONITORING  VEGETATION  CONDITIONS  FROM  A-4 

LANDSAT  FOR  USE  IN  RANGE  MANAGEMENT 

R.H.  Haas,  O.N.  Deering,  J.N.  Rouse,  Jr.,  and  J.A.  Schell 
Texas  A$M  University 
College  Station,  Texas 

ABSTRACT 

A summary  of  the  LANDSAT  Great  Plains  Corridor 
projects  and  the  principal  results  are  presented.  Emphasis 
is  given  to  the  use  of  satellite  acquired  phenological  data 
for  range  management  and  agri-business  activities.  A con- 
venient method  of  reducing  LANDSAT  MSS  data  to  provide 
quantitative  estimates  of  green  biomass  on  rangelands  in 
the  Great  Plains  is  explained.  Suggestions  for  the  use  of 
this  approach  for  evaluating  range  feed  conditions  are 
presented.  A LANDSAT  Follow-on  project  has  been  initiated 
which  will  employ  the  green  biomass  estimation  method  in  a 
quasi -operational  monitoring  of  range  readiness  and  range 
feed  conditions  on  a regional  scale. 

INTRODUCTION 

The  Great  Plains  Corridor  project  conducted  by 
Texas  A§M  University  as  part  of  the  NASA  LANDSAT  investiga- 
tions has  yielded  results  of  considerable  significance  to 
rangeland  management  and  agri-business  activities  employing 
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phenology  data.  The  objective  of  this  project  was  to  use 
satellite  remote  sensing  data  to  observe  natural  vegetation 
systems  both  as  forage  crop  and  as  phonological  indicators 
throughout  the  Great  Plains  of  the  central  United  States. 

It  was  hypothesized  that  the  vernal  advancement  and  retro- 
gradation  of  natural  vegetation  could  be  monitored  using 
LANDSAT  imagery  and  digital  multispectral  scanner  (MSS) 
data.  It  was  further  assumed  that  natural  vegetation  systems 
used  as  phenological  indicators  of  seasonal  development 
would  provide  an  important  means  of  measuring  bioclimatic 
effects  on  a regional  basis. 

The  Great  Plains  Corridor  Study  has  emphasized  and 
developed  techniques  for  quantitative  analysis  of  LANDSAT 
MSS  spectral  radiance  data  as  quantitative  indicators  of 
the  amount  and  seasonal  condition  of  rangeland  vegetation. 

The  techniques  used  are  viewed  as  a viable  alternative  to 
qualitative  assessments  made  through  image  interpretation. 

The  Great  Plains  Corridor  project  has  also  been 
responsible  for  the  development  of  related  LANDSAT  activities 
in  the  Great  Plains  and  especially  in  Texas.  The  spinoff 
projects  have  been  user-generated;  consequently,  the  inves- 
tigation is  impacting  on  established  management  efforts. 

These  projects  include  monitoring  the  management  of  leased 
public  rangelands  and  mapping  wildlife  habitat. 
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PROJECT  ACCOMPLISHMENTS 

Specific  accomplishments  achieved  in  studying  the 
use  of  LANDSAT  data  for  the  quantitative  assessment  of 
natural  vegetation  are  as  follows: 

1)  An  effective  test  site  network  consisting  of 
ten  primary  test  sites  was  established  throughout  the  Great 
Plains  Corridor.  More  than  217  sets  of  cloud-free  satellite 
data  and  200  sets  of  ground  truth  data  were  collected  for 
the  test  sites  involved  in  the  study.  Cooperators  from 
state  and  federal  agencies  acquired  vegetation  measurement 
data  at  the  time  of  LANDSAT  overpass  during  the  non-dormant 
seasons  for  a period  of  23  months.  Out  of  the  data  sets 
collected,  124  satellite  data  sets  with  corresponding  ground 
data  were  utilized  in  the  analysis. 

2)  An  algorithm  was  employed  and  tested  for 
correcting  MSS  digital  data  for  changes  in  solar  intensity 

as  a function  of  solar  elevation  angle.  Changing  illumination 
conditions  are  a serious  problem  for  making  temporal  compar- 
isons of  digital  data  values.  The  successful  application  of 
the  solar  angle  correction  model  made  it  possible  to  compare 
digital  data  from  frame  to  frame,  cycle  to  cycle,  and  loca- 
tion to  location  throughout  the  duration  of  the  investigation. 
Since  development  and  application  of  atmospheric  correction 
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algorithms  was  not  an  objective  of  this  study,  data  re- 
quiring large  corrections  for  haze  or  thin  cirrus  were 
omitted  from  the  analysis. 

3)  The  theoretical  derivation  of  the  normalized 
band  difference  led  to  the  development  of  the  Transformed 
Vegetation  Index  (TVI).  Investigations  early  in  the  project 
led  to  development  of  the  hypothesis  that  the  normalized 
difference  between  the  red  and  infrared  bands  was  potentially 
useful  for  the  quantitative  measurement  of  green  biomass. 

This  potential  was  realized  initially  through  the  development 
of  the  Transformed  Vegetation  Index  (TVI).  TVI  was  formu- 
lated as  the  following  ratio  using  MSS  Bands  7 and  5 values: 


TVI  = 


Band  7 - 


-I-  + 0.5 


Band  / + Band  5 

In  the  final  analysis,  it  was  found  that  the  difference 

between  Band  5 and  Band  6 is  generally  more  sensitive  to 

the  detection  and  quantitative  assessment  of  green  biomass 

differences.  The  new  parameter  is  called  TVI6,  where  Band  6 

2 

replaced  Band  7 in  T\'I . R v ues  for  TVI  and  TVI  6 regressed 
on  green  biomass,  plant  moisture  content  and  the  combination 
of  the  two  (Table  I)  illustrate  the  general  superiority  of 


TVI6. 
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4)  Detailed  statistical  analyses  show  that  the 
TVI6  paraneter,  along  with  limited  weather  dat8»  is  adequate 
to  quantitatively  assess  rangeland  feed  conditions.  Using 
the  most  extensive  data  set  collected  at  a single  test  site 
(the  Throckmorton,  Texas  test  site),  detailed  statistical 
analyses  show  the  potential  for  the  use  of  the  LANDSAT- derived 
parameter  for  the  quantitative  measurement  of  green  biomass. 

A comparison  of  the  LANDSAT  TVI  values  to  the  green  biomass 
measured  at  the  Throckmorton  test  site  is  shown  in  Figure  I. 
Factors  such  as  moisture  content  of  the  vegetation,  or  the 
alternative  use  of  precipitation  and  temperature  data,  are 
necessary  for  modeling  a predictive  equation  for  estimating 
green  biomass  to  the  desired  accuracy. 

With  TVI6  as  the  dependent  variable,  a stepwise 
multiple  regression  analysis  was  performed  to  select  the 
variables  most  likely  to  explain  the  variation  observed  in 
the  LANDSAT  observations.  The  best  four-variable  model  is 
expressed  by  the  following  equation: 

Y - ^ 

where  Y * TVI 6, 

Xj  = green  biomass  (kg/ha) 

X2  = precipitation  since  last  satellite  overpass 
[18  days]  (inches) 
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Xj  ■ precipitation  on  the  day  before  the  overpass 
(inches) 

■ naxinum  ten^erature  on  the  day  of  the  satellite 
overpass  (*F) 

These  independent  variables  accounted  for  more  than  90t  of 
the  variation  in  the  TVI6  values.  The  above  parameters 
were  utilized  to  obtain  a four-variable  model  with  green 
biomass  as  the  dependent  variable  and  utilizing  TVI6, 
precipitation  during  the  previous  18  days,  precipitation 
on  day  before  the  overpass  and  maximum  temperature  on  overpass 
day  as  the  independent  variables.  The  ability  to  estimate 
green  biomass  in  increments  of  250  to  300  kg/ha  with  a 95% 
probability  from  TVI6  data  and  readily  available  weather 
data  is  indicated. 

5)  It  was  clearly  demonstrated  that  the  vernal 
advancement  could  be  monitored  through  its  northward  movement 
in  the  Great  Plains.  Ground  observations  and  satellite  data 
collected  in  1973  show  that  the  vernal  advancement  progressed 
from  the  most  southerly  sites  through  the  northernmost  sites 
according  to  an  expected  progression  calculated  from  the 
generalization  commonly  known  as  Hopkins  Bioclimatic  Law. 

It  is  of  interest  that  in  1973,  four  of  ten  test  sites  were 
six  days  or  more  later  than  the  expected  progression  and  two 
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test  sites  were  more  than  six  days  early.  Spring  developed 
as  much  as  18*20  days  from  the  expected  progression. 

Observations  from  satellite  data  would  be  useful 
in  monitoring  the  actual  advancement  of  spring  throughout 
this  vast  region  for  application  to  crop  surveys.  That  is» 
these  data  can  support  phenological  crop  models  or  be  used 
in  determining  crop  calendars.  The  satellite  data  can  be 
used  to  establish  crop  calendars  based  on  phenological 
events  for  crop  yield  prediction. 

6)  The  successful  use  of  LANDSAT  data  for  measuring 
green  biomass  had  led  to  an  approach  for  a follow-on  investi- 
gation which  will  evaluate  the  use  of  LANDSAT  data  to  monitor 
rangeland  feed  conditions  on  a regional  basis.  A quasi- 
operational  system  for  monitoring  range  readiness  and  range 
feed  condition  is  being  developed  using  LANDSAT  images, 
high-flight  color-IR  photography,  soil  maps,  r id  topographic 
maps  as  data  base  information.  After  the  vegetation/soils 
resource  has  been  mapped  for  the  region,  the  TVI6  plus 
precipitation  and  temperature  values  will  be  applied  for 
quantitative  determination  of  vegetation  conditions  at  the 
time  of  satellite  overpass.  Vegetation  condition  will  be 
contour  mapped  over  a region  in  a manner  similar  to  the  maps 
now  compiled  by  the  Statistical  Research  Service,  ARS,  from 
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post  card  surveys.  The  potential  also  exists  for  mapping 
distribution  of  grazing  use  and  forage  condition  on  a 
pasture  by  pasture  basis.  These  data  will  be  disseminated 
to  ranchers  and  range  management  organizations  for  use  in 
their  operations. 
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TABLE  I.  VALUES  FROM  REGRESSION  ANALYSES  OF  LANDSAT  BAND 
RATIO  PARAMETERS  AND  SELECTED  GROUND  PARAMETERS  FOR 
SELECTED  G.P.C.  TEST  SITES. 


Green  Biomass 

Green  Biomass  * 
Moisture  Content 

IQSZ  olt6 

TVI 

TVI  6 

TVI 

TVI  6 

Throckmorton 

.7252** 

.8254** 

.8598** 

.9117** 

Chickasha 

.2150 

.3170* 

.6799** 

.8280** 

Woodward 

.6024* 

.7749** 

.6932^ 

.8509* 

Hays 

.5066** 

.5410** 

. 5873 

.6028* 

Sand  Hills 

.8231** 

.8003** 

.8370* 

.8293** 

Cottonwood 

.4264* 

.5583** 

.7455** 

.7431** 

Mandan 

.7105* 

.6346* 

.9011* 

.9531** 

**  regression 
* regression 
t regression 


significant  at 
significant  at 
significant  at 


the  99%  level 
the  9S%  level 
the  90%  level 


of  probability 
of  probability 
of  probability 


Green  Biomass 
(Kg/ha) 


Green  Biomass 


1000 
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Figure  1.  Graph  showing  the  relationship  of  the  transformed 

vegetation  index  (eighteen  dates)  and  green 
biomass  (all  data)  at  the  Throckmorton  test  site. 
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ABSTRACT 
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The  Uhited  Nations  Educational,  Scientific  and  Cultural  Organization  (Unesco)  has  recently  pub- 
lished a vegetation  clossificotion  system.  This  sy^em,  based  on  the  physiognomy  of  the  vegetation,  is 
desisted  to  provide  a compreheruive  framework  for  the  preparation  erf  vegetation  maps  of  any  port  of  the 
world  at  scalesof  1:1,000,000  or  less.  The  utility  of  the  system  lies  in  the  fact  that  optimal  ogricultur- 
ol  lend  uses  ore  alvrays  related  to  the  natural  vegetation  . 

The  system  is  designed  for  use  with  maps  covering  large  areas.  The  large  map  a.-ea,however,  poses 
a severe  pr^iem  in  uniform  data  collection,especially  if  large-scale  imagery  is  ee-^ioyed  as  a mapping 
base.  Since  LANOSAT  ime^s  hove  a basic  utilization  scale  of  1:1,000,000,  identical  to  that  of  the 
projected  tmps,  they  would  serve  as  a tmiform  base  for  oil  ports  of  the  world  if  they  contained  the  infor- 
mation necessofy  to  delimit  vegetation  formations. 

To  determine  if  the  information  content  of  the  imagery  is  sufficient  to  permit  mapping  according 
to  the  Unesco  clrssificotion , a series  of  test  sites  hove  been  examined.  These  sites  include  examples 
from  the  humid  tropics,  arid  and  semi-arid  subtropics  and  ten^rate  zones.  In  every  cose  the  feasibility 
of  this  (plication  of  LANOSAT  imagery  has  been  verified.  The  agricultural  signifioince  of  several  sites 
is  discu»^  to  indicate  how  the  vegetation  mops  may  be  interpreted  for  agricultural  evaluation. 


INTRODUCTION 


In  1965  the  Starxiing  Committee  on  Classification  and  Mapping  of  Vegetation  of  the  United  Nations 
Educational,  Scientific  and  Cultural  Organization  (Unesco)  began  consideration  of  a classification  of 
vegetation.  The  Committee,  composed  of  authorities  from  throughout  the  world,  worked  through  the 
next  decade  to  develop  its  classification.  As  published  in  its  final  form  (ref.  1),  this  classification  sys- 
tem is  designed  to  provide  a comprehensive  framework  for  the  preparation  of  vegetation  maps  of  any  part 
of  the  world  at  scales  of  1:1 ,000,000  or  less.  Utilization  of  tne  system  would  result  in  the  production 
of  mops  providing  a solid  basis  for  comparison  of  vegetation  in  all  parts  of  the  world. 

The  utility  of  such  a system  lies  in  the  fact  that  optimal  agricultural  land  uses  are  always  related 
to  the  natural  vegetation.  Consequently,  if  successful  production  of  a certain  crop  occurs  in  areas  v here 
ecological  conditions  produce  a particular  vegetation  type,  other  ports  of  the  world  possessing  the  same 
vegetation  type  and, therefore,  the  some  environment,  will  also  be  suited  to  the  cultivation  of  that  crop. 
As  human  populations  continue  to  grow,  it  becomes  ever  more  necessary  to  produce  those  crops  best 
suited  to  each  part  of  the  Eorth's  surface  ro  ensure  the  optinwm  availability  of  food  and  other  agricultur- 
ol  commodities.  This  classification  is  therefore  particularly  relevant  to  large-area  planning  problems. 

Prior  to  final  publication  of  the  system,  field  trials  were  conducted  inCosta  Rica  by  KOchler  ond 
Mwtoya  Moquin  (ref.  2).  These  trials  established  the  feasibility  of  field  classification  of  vegetation 
units  under  the  system.  Subsequently,  Williams,  et  al_.  (ref.  3)  mapped  a smallarea  in  northeastern 
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Komos.  Although  the  mop  was  published  at  a large  scale  (1:12,000),  the  feasibility  of  using  the  sys* 
tern  «ras  once  ogoin  demonstroted . To  dote,  no  smell  scale  mop  based  on  the  Lhesco  classification  has 
been  published.  Nevertheless,  rtiese  results  clear!/  indicate  that  the  system  is  usable. 

The  classification  is  based  upon  physiognomic  rather  than  floristic  criterio . PhysiogtKxny  refers 
to  the  physical  appearance  or  growth  form  of  the  vegetation  while  the  floristic  composition  is  the  list 
6f  plont  species  wnich  ore  preset  in  a plant  community.  Although  interconnected,  physiogrKMny  and 
flora  ore  not  identical.  Thus,  a given  group  of  plant  species  may  exhibit  different  physiognomies  under 
Afferent  environmental  conditions.  For  exan^e,  ttees  which  form  <fense  forests  at  lower  elevotioro  be* 
come  reduced  in  size  and  tree  density  decreoses  near  limberline.  This  chcmges  the  physiognomy  of  the 
vegetation  from  closed  forests  to  open  shrublonds  althx-''^'  the  principal  species  me  the  same.  On  the 
other  hond,  different  grouf^  of  plant  species  m<^  exhibit  dentical  (4tysiognomies  when  growing  under 
siRMlar  environmental  conditions.  This  phenometwn  has  lortg  been  recognized  in  the  wintergreen  shrub* 
lands  of  California,  the  Mediterranean  basin,  soidhern  Australia,  South  Africa,  and  Chile  where  the 
pkmts  re^xmd  to  the  concentration  of  precipitation  in  ihe  cool  season.  Because  the  Unesco  classifica* 
lion  is  based  upon  physiognomy,  it  results  in  oil  such  s.- ' .blends  being  assigned  to  a common  class,  ac~ 
cun^ly  reflecting  the  comparability  of  environments  In  these  areas  (ref.  4). 

The  Lbiesco  classification  is  on  open-ended  hiercrchy  with  the  formaticxi  os  the  basic  unit  of  the 
^rslem.  As  illustrated  below,  three  levels  exist  obow  the  formation.  Althoc^h  the  definition  is  ampli- 
fied in  the  teid  of  the  cIcBsificotion,  the  formation  name  is  sufficient  to  inform  the  map  reader  that  this 


Ciassificaticxi  IMit 
Formation  Class 
Formation  Subclass 
Formation  Group 
Formation 


Example 
Closed  Forest 
Moinly  evergreen  forest 
Tropical  ombrophilous  Forest 
Tropical  ombrophilous  swamp  forest 


exonip.'>:  Yftgetotion  tvpe  is  a forest,  with  tree  crowns  touching,  composed  of  trees  which  are  (1)  brood- 
leaved;  ',2;  r*0";  (3)  grow  in  warm,  very  humid  areas;  and  (4)  are  in  permanently  inundated  locali- 

ties. In  preparing  th>>  classification  the  Ccxnmittee  designated  some  subformations,  but  the  individual 
is  free  to  cxld  other  suLformotions  or  further  subdivisiems  and  to  augment  the  formation  nome  with  floris- 
tic  dota  or  significont  loccl  names  of  the  vegetation  type.  The  nx^per  might  thus  specify  that  his  formo* 
tion  is  locally  known  os  chaparral  in  California  and  macchio  in  Italy. 

Five  formation  classes  have  been  designated  by  the  Committee,  encompassing  all  terrestrial  and 
emergent  aquatic  vegetation  known  tooccur.  These  formation  classes  are  defined  in  the  following  monner 
(ref.  1). 


Formation  Class 

Definition 

Closed  forest 

Formed  by  trees  at  least  5 m tall  with 
their  crowns  interlocking 

Woodland 

Composed  of  trees  at  least  5 m tall  with 
crowns  not  usually  touching  but  with  a 
coverage  of  at  least  40  percent. 

Scrub 

Mainly  composed  of  woody  plants  0.5  to 
5 m toll. 

Dwarf-scrub 

Composed  mainly  of  woody  plants  rarely 
exceeding  50  cm  in  height. 

Herbaceous 

Dominated  by  an  herbaceous  synusia  and 
with  woody  plants  not  covering  nx>re  than 
40  percent  of  the  orea 
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Systems  of  subdivision  used  in  each  formation  ckass  ore  consistent  within  limits  imposed  by  the  chorcKter- 
istics  of  different  plant  growth  forms  ond  the  range  of  noturolly  occurring  vegetotion  types. 

Cultural  vegetation  is  treated  os  o sepenate  ond  unique  portion  of  the  vegetation.  Units  of  natural 
vegetation  me  us^  to  infer  ecologic  conditions  in  cultivated  and  urbanized  oeos  but  such  predicted 
areos  ore  olwoys  distinctively  indicated  on  the  mop. 


Smoll-scole  Moppin?;  Methods 


As  detailed  by  Kuchler  (ref.  5),  two  basic  methods  exist  for  preparing  smoll-scole  vegetation  mops. 
One  of  these  methods  is  compilation.  In  compilation,  alt  of  the  previously  published  vegetation  mops 
of  the  study  area  ore  collected,  common  legend  elements  ore  extracted  for  o composite  legend  and  the 
mops  ore  compiled  onto  o common  base.  This  method  is  feasible  only  if  large-  arid  medium-scole  mops 
how  previously  been  produced  for  the  entire  study  area.  Even  tSien,  substantial  difficulties  may  arise 
because  some  nxips  may  show  floristic,  others  physiognomic,  and  still  others  ecologic  classes  and  these 
legends  may  prove  irreconcilable. 

The  second  method  of  generating  small  scale  vegetation  maps  is  primary  mqsping . The  principal 
components  of  this  method  ore  (1)  acquisition  of  a set  of  aerial  photographs,  (2)  delineation  of  vegeto- 
lionol  boundwies  apporent  on  these  f^tos,  and  (3)  a field  survey  to  verify  the  boundaries  and  identify 
the  vegetation  units  enclosed  by  these  boundaries.  In  general,  the  products  of  primary  mapping  meth^s 
are  considerably  superior  to  products  of  con^ilotion  methods  because  of  consistency  of  the  legend  classes. 

Considering  that  the  objective  of  the  Uncsco  vegetation  classification  is  to  provide  a basis  fw 
small-scale  mopping  and  that  the  objective  of  small-scale  maps  is  loige-area  coverage,  primoy  mc^ping 
methods  pose  a serious  problem.  Areas  suitable  for  inclusion  on  a single  j^p  sheet  at  the  millionth  scale 
may  well  be  of  the  order  of  size  of  the  state  of  Kansas,  over  200,000  km^.  Over  such  on  area,  large 
scale  imagery  of  uniform  quality,  scale,  and  date  is  rarely  available.  Even  if  such  imagery  were  avail- 
(d>le,  utilization  poses  a severe  handling  problem.  Since  each  frame  of  1:20,000  aerial  photography 
represents  a gain  of  approximately  5 km^,  about  40,000  frames  of  9-inch  fornxit  photography  are  re- 
quired to  cover  the  state.  Nor  is  the  standardly  available  imagery  time-synchronous,  in  fact,  the  most 
current  available  set  of  photos  for  the  state  of  Kansas  have  acquisition  dates  spanning  a period  of  16 
years.  The  dollar  cost  and  physical  problems  attendant  on  acquisition  of  a new  set  of  images  for  such  an 
area  eliminate  a special  mission  as  a viable  alternative.  Since  the  actual  surface  area  represented  by  the 
gain  of  one  1 :20, 000-scale  photo  will  be  portrayed  by  only  5 mm^  on  the  finished  mop,  most  of  the  de- 
tail evident  in  the  photo  will  have  to  be  discarded  dut ing  reduction.  Acquisition  of  surface  observations 
<d>out  all  of  the  boundaries  and  types  evident  on  the  photo  will  represent  large  expenditures  of  wasted 
field  effort.  Further,  the  sheer  mechanics  of  a 50  X scale  reduction  are  costly  and  fraught  with  error 
potential . 

In  contrast  to  the  problems  of  large-scale  imagery  specified  above,  LANDSAT  images  have  a basic 
utilization  scale  of  1:1,000,000,  identical  to  that  of  tne  projected  maps.  This  scale  effectively  elimi- 
nates problems  associated  with  reduction  of  the  manuscript  mop  and  facilitates  use  of  optimum  current 
cartographic  techniques.  Parts  of  only  18  scenes  are  required  to  cover  the  state  of  Kansas,  eliminating 
the  aforementioned  image  handling  problem.  Although  resolution  is  sufficient  to  record  more  detail  than 
can  be  reasonably  reproduced  on  the  finished  map,  unnecessary  detail  hos  already  been  generalized  out 
of  the  image  by  the  acquisition  process.  The  imagery  provides  a uniform  rrrfipping  bose  for  all  parts  of  the 
world,  thereby  solving  the  difficulties  of  procuring  a suitable  base  map. 

Since  it  is  evident  that  LANDSAT  imagery  would  prove  useful  for  vegetotion  mapping  at  the  mil- 
lionth scale,  the  remaining  question  must  be  whether  the  vegetationol  information  contained  in  the  im- 
ages is  that  required  for  distinguishing  formations  os  established  in  the  Unesco  classification. 
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MArERlALS  AND  METHODS 


In  order  to  test  the  feasibility  of  using  LANOSAT  Muitispectroi  Scanner  (MSS)  imoMry  for  vegeta* 
tion  mopping,  o series  of  test  sites  was  selected.  These  sites  represent  a wide  range  of  i^siognomic 
t^ies,  olthr^h  they  do  not  include  every  formation  in  the  classification.  Each  test  site  was  chosen 
on  the  basis  of  availoble  MSS  images  and  supporting  data  in  either  the  form  of  direct  observations  by 
the  authors  or  published  mc^s  and  onolyses  of  the  vegetation  amenable  to  use  in  the  Unesco  clos$ifica~ 
tion.  The  sites  illustrated  in  this  discussion  are  indicated  on  Figure  1,  which  also  indicates  several  sup~ 
plementory  sites  checked  in  the  course  of  the  investigation. 

Color  composite  LANOSAT  images  were  employed  for  interpretation  of  vegetation  boundaries  and 
the  fcrmotions  were  determined  by  con^xrison  with  m supporting  data.  In  addition,  consideration  was 
given  to  the  image  characteristics  <»$ociated  with  each  of  the  formations. 


RESULTS 


Results  of  this  experiment  ore  presented  in  the  form  of  vegetation  im^s  and  annotated  images 
which  will  serve  to  illustrate  the  detectability  of  various  formotiora.  The  range  of  probfems  and  poten' 
Hals  associated  with  small-scale  vegetation  m^>ping  ore  indicated  by  Figure  2,  which  presents  a vege** 
ration  map  of  a portion  of  the  Western  Highlands  of  Papua  New  Guinea  together  with  the  LANDSAT 
MSS  image  from  which  it  was  prepared.  It  should  be  noted  that  the  image,  although  it  exhibits  the 
normal  complement  of  colors,  was  prepared  from  bands  5 and  7 only.  This  was  done  because  degrada- 
tion of  band  4 due  to  atmospheric  scattering  is  extreme  in  very  humid  areas.  Current  experience  indi- 
cotes  that  loss  of  image  shwpness  (spatial  resolution)  due  to  incorporation  of  band  4 more  than  offsets 
any  gain  attributable  to  spectral  differences  between  bands  4 and  5,  os  long  as  targets  such  os  natural 
vegetation  are  under  consideration.  Except  for  the  Papua  New  Guinea  scenes,  however,  all  composites 
used  in  this  study  are  conventional  combinations  of  bands  4,  5,  cmd  7. 

The  basic  relationships  between  image  and  map  are  readily  apparent  (Figure  2).  However,  o num- 
ber of  details  deserve  comment.  Although  boundaries  between  formations  ore  often  sharp,  they  are  not 
always  so.  Two  examples  of  this  condition  are  apparent  in  the  present  illustration.  One  is  the  boundary 
between  the  Tropical  Ombrophilous  Submontane  and  Montane  Forests.  In  some  areas  this  boundary  is 
clearly  evident  on  the  image  whereas  In  other  areas  it  is  diffuse.  Such  diffuse  boundaries,  collectively 
termed  transitions,  are  quite  common  in  natural  vegetation.  In  the  present  case,  where  the  change  in 
formation  is  associated  with  altitudinal  changes,  it  is  not  surprising  that  transitions  occur  in  areas  of 
Rxxterote  regional  slope  while  relatively  abrupt  boundaries  are  characteristic  of  more  precipitous  slopes. 
That  a transition  Is  occurring  In  this  area  is  evident  by  the  very  gradual  changes  In  color  evident  across 
the  zone  and  the  distinctness  of  the  areas  at  opposite  edges  of  the  transition  zone. 

The  second  special  boundary  type  is  a mosaic  such  as  that  observed  between  the  Tropical  Ombroph- 
ilous Cloud  Forest  and  Tropical  Alpine  Bunchgrass  atop  Mt.  Giluwe.  Here  the  two  formations  are  physi- 
cally discrete  but  are  distributed  in  units  of  such  a size  that  they  cannot  be  shown  os  discrete  mapping 
units.  Rather,  then,  they  are  shown  as  mosaics  of  the  formotions  of  which  the  area's  vegetation  is  com- 
posed. 


The  necessity  for  interpreting  beyond  color  recognition  is  illustrated  by  comparison  of  sunlit  and 
shadowed  mountain  slopes  and  of  the  two  graminaceous  formations.  In  the  first  case,  the  color  shift  with- 
in one  formation  due  to  directness  of  illumination  is  of  the  same  order  as  the  color  shift  between  forma- 
tions under  constant  Illumination.  In  the  second  cose,  although  colors  of  the  Tropical  Grassland  and 
Tropical  Alpi.'e  Bunchgrass  are  in  some  cases  quite  similar,  topographic  position  reodily  establishes  eco" 
logic  differences  between  these  formutions.  In  addition,  it  Is  quite  evident  from  the  cose  of  the  Tropi- 
col  Grassland  that  subformat iona I distinctions  are  possible.  The  pinker  shades  in  this  mopping  unit  are 
associated  with  vegetation  composed  of  Phrogmites  korko  (tall  swamp  reed)  while  the  lignt  blue  sites 
are  dominated  by  sedges  and  other  grasses  (ref.  6).  In  other  cases,  however,  accuracy  of  subformat  iona  I 
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distinctions  remoin  uncertain.  Although  the  darker  red  areas  within  the  Tropical  Ombrophilous  Montane 
Forest  include  oil  areas  mopped  by  Soimders  (ref.  7)  in  o clou  identifiable  os  the  Micrr^yllous  Subfor~ 
motion,  substantial  areas  not  mapped  by  Sour^rs  exhibit  identical  image  characteristics.  Without  fur- 
ther ground  survey,  o positive  statement  regarding  the  feasibility  of  subformation  mopping  in  the  forests 
of  this  region  is  not  possible.  On  Mindoro  Island,  Philippines,  however,  the  Needle ‘leaved  Subforma* 
tion  of  the  Tropical  Ombrophilous  Submontane  Forest  is  visually  distinctive  (ref.  8;  Coiner,  pers.  obsv.). 

As  plotted  on  this  map  (Figure  2),  cultivated  land  includes  land  under  cultivation  and  those  areas 
in  vorious  stages  of  regrowtn.  Since  most  sericulture  in  the  highlands  of  Papua  New  Guinea  occurs  as 
shifting  cultivation,  a complex  mixtwe  of  apporent  vegetation  types  is  to  be  expected  and  is,  in  fact, 
observed.  Areas  of  cultivated  land  are  classified  according  to  their  ecological  zone.  That  is,  the  map 
color  of  each  cultivated  area  reflects  the  apparent  formation  to  which  the  area  belongs.  Distinctly  dif- 
ferent crops  are  cultivated  depending  upon  the  ecologic  potential  of  the  area. 

In  addition  to  shifting  cultivotion  of  subsistence  crops,  two  crops  are  commercially  important  in 
the  major  highland  valley  in  the  northeastern  part  of  the  map  area.  These  crops  are  coffee  arid Pyrethrum. 
Py^thrum  flowers  yield  a powerful  contact  insecticide  now  widely  used  in  sprays.  These  crops  ore  weil- 
OMpted  to  export  and  therefore  desirable  for  cultivation  in  a developing  region  because  of  their  capaci- 
ty to  generate  foreign  exchange. 

The  potential  utility  of  preparing  vegetation  maps  on  the  millionth  scale  is  illustrated  by  compari- 
son of  Figure  2 with  Figure  3A.  The  latter  is  a LANDSAT  image  of  a valley  lying  further  west  in  Papua 
New  Guinea.  Unlike  the  area  included  In  Figure  2,  no  ground  surveys  of  resources  hove  yet  been  com- 
pleted in  this  western  valley.  Comparison  of  the  two  scenes,  however,  demonstrate  the  general  similar- 
ity of  vegetation  formations  in  the  two  valleys.  The  western  valley  should  therefore  (xove  suitable  for 
h^her  expansion  of  these  agricultural  industries. 

Although  striking  similarities  are  evident,  certain  distinctive  aspects  of  the  vegetational  formations 
on  Mindoro  Island,  Philippines  (Figure  3B)  deserve  comment.  Unlike  the  Western  Highlands  of  Papua 
New  Guinea,  where  a sword  grass  (Misconthus  floridulus)  regrowth  predominates,  extensive  burning  of 
forest  on  Mindoro  has  resulted  in  establishment  of  Imperata  cylindrico  (cogon,  kunai)  Tropical  Grassland 
(Coiner,  pers.  obsv.).  The  lower  elevations  and  coastal  areas  of  MirKloro  support  two  formations  not 
evident  at  the  higher  elevations  of  the  New  Guinea  sites,  the  Tropical  Ombrophilous  Lowland  Forest 
Old  Mangrove  Forest.  Mangroves  have  proven  visually  unique  on  all  images  examined,  irrespective  of 
adjoining  vegetation  types. 

Many  forests  include  both  deciduous  and  evergreen  trees  in  varying  proportions.  Deciduocity  may 
be  associated  with  pronounced  seasonality  of  either  precipitation  or  temperature.  Although  color  differ- 
ences between  the  evergreen  and  deciduous  Formation  Subclasses  are  evident  during  the  leaf  season, 
distinctions  ensuring  recognition  of  the  Formations  ore  enhanced  by  selection  of  images  which  exhibit  the 
deciduous  forest  in  a non-leaf  or  partial  leaf  condition.  The  contrast  between  such  images  is  amply  il- 
lustrated by  comparison  of  Figures  3C  (12  July  1973)  and  3D  (15  October  1972).  The  Great  Smoky  Moun- 
tains of  the  southeastern  United  States  have  Evergreen  Needle-leaved  Forest  with  Conical  Crowns  ot  the 
highest  elevotions  (ref.  9;  Willioms,  pers,  obsv.).  This  formation,  dominated  by  spruce  (Piceo)  and 
fir  (Abies),  retains  the  red  color  of  living  vegetation  after  deciduous  leaf-foil  has  eliminated  the  red 
color  of  the  Montane  Cold-deciduous  Forest,  so  designated  to  distinguish  it  from  drought-deciduous  for- 
ests, which  replaces  the  Evergreen  Forest  at  lower  elevations.  At  still  lower  elevations,  the  deciduous 
forests  are  replaced  by  Cold-deciduous  Brood-leaved  Forest  with  Evergreen  Needle-leaved  Trees,  with 
rounded  crowns  in  this  cose.  This  mixed  forest  of  deciduous  and  pine  trees  of  the  lower  elevations  of  the 
Valley  of  East  Tennessee  has  now  been  largely  replaced  by  cropland  and  other  human  uses  except  in  those 
localities  too  rugged  for  farming.  In  contrast,  areas  ecologically  suited  to  the  occurrence  of  deciduous 
forest  in  this  region  have  remained  forested  because  they  are  quite  unsuited  to  cultivation  due  to  topog- 
raphy and  soils. 

In  sharp  contrast  to  the  heavily  vegetated  humid  regions  just  examined,  the  vegetation  of  the  in- 
terior of  Western  Australia  (Figure  4A)  is  predominantly  a Semideciduous  Subdesert  Shrubland.  The  mulga 
(Acoc jg  aneurg)  and  associated  shrubs  are  facultatively  deciduous.  That  is,  they  put  out  leaves  whenever 
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sufficient  soil  moisture  is  available  to  support  growth  and  shed  these  leaves  whenever  the  moisture  sup~ 
ply  drops  below  some  minimum  (ref.  10).  Th's  event  mov  occur  several  times  in  a single  year.  At  the 
time  of  image  acquisition  (30  November  197.  i,  the  shrubs  were  in  leafless  condition.  Nevertheless, 
the  shrublands  are  distinctive  from  the  Medium-tali  Grassland  with  a Synusia  of  Brood-leaved  Decidu- 
ous Shrt^s,  although  the  boundary  between  these  formations  is  generally  gradual  because  the  only  dif- 
ference between  the  two  formations  i»  shrub  density.  As  the  breakaways  of  the  highlands  ore  approoched, 
large  areas  ore  nearly  barren.  Despite  the  inactive  status  of  the  vegetation  of  most  of  this  region,  for- 
mational  distinctions  ore,  then,  feasible. 

Representing  a condition  .ntermediate  between  the  dense  vegetation  of  the  humid  and  sparse  veg- 
etation of  the  arid  areas  previously  examined,  northeastern  Uganda  illustrates  conditions  prevailing  in 
a tropical  savanna  (ref.  11).  Moisture  ■‘Upply  varies  greatly  in  this  area,  resulting  in  a distinctive  veg- 
etation pattern.  Tropical  Grassland  compose  i of  Cyperus  papyrus  occupies  the  permanent  svramps  of  the 
major  stream  valleys.  On  sites  having  itrMded  dramoge  but  not  being  permanently  swairmy,  the  Tropi- 
cal Grassland  is  replaced  by  a Tall  Grassland  with  a Synusia  of  Broad-leaved  Deciduous  Shrubs.  Much 
of  the  area  covered  by  this  vegetarion  type  is  subjected  to  frequent  burning,  as  is  readily  evident  on 
this  image.  Because  of  the  heavy-textured  soils  under  this  formation,  which  cause  the  drainage  to  be 
inyieded,  the  area  is  not  suited  to  cultivation  and  is  used  only  for  grazing  cattle.  Variations  in  degree 
of  vigor  of  the  vegetation  of  this  formation  ore  indicated  by  color  variations.  The  redder  the  vegetation, 
the  more  vigorous  the  growth  but  the  less  suitable  the  grazing  because  the  wetter  conditions  producing 
the  vigorous  growth  ore  indicative  of  conditions  favoring  hoof-and-mouth  and  rinderpest,  both  serious 
cattle  disease  problems  in  Uganda  (ref.  12).  On  better  drained  sites,  the  density  of  trees  increases  and 
the  vegetation  becomes  a Toll  Grassland  with  a Deciduous  Tree  Synusia  Covering  10-40  Percent.  The 
boundary  between  this  and  the  preceding  formation  cfefines  the  nc^heastem  limit  of  cultivation  in  Luanda. 
At  higher  elevations  on  the  slopes  of  Mt.  Napak  savannas  yield  to  an  Evergreen  Needle-leaved  Wood- 
land with  Rounded  Crowns  dominated  by  Juniperus  procero  and  Podocorpus  qracilior.  This  woodland  is 
quite  distinctive  from  forests  of  similar  composition  which  occur  elsewhere  in  Uganda  because  of  the  dif- 
ference between  the  lighter  and  more  mottled  color  associated  with  the  vraodland  and  the  darker  smoother 
color  of  the  forest. 

Although  differing  in  detail,  certain  similarities  ore  evident  between  the  sites  in  Uganda  and  south- 
central  Kansas  (Figure  ^).  This  area,  surrounded  by  cultivated  land,  is  characterized  by  Medium  Tall 
Grassland  of  Sod  Grasses  (ref.  13,  Williams,  pers.  obsv.).  Variation  of  plant  density  due  to  local  topo- 
graphic effects  in  this  rugged  area  are  evident.  The  plants  arc  dormant  on  this  image  because  it  was  ac- 
quired during  a dry  midsummer  period  and  the  rwtive  grasses  grow  actively  only  in  the  presence  of  suitable 
moisture  supplies.  In  some  parts  of  the  area  sand  sage  (Artemisio  filifolio)  is  a common  constituent  of 
the  vegetation,  transforming  the  formation  into  a Medium  Tall  Grassland  with  a Synusia  of  Broad-leaved 
Deciduous  Shrubs.  This  formation  is  readily  distingu'shed  from  the  preceding  one  because  of  the  contin- 
ued active  growth  of  the  shrubs  !n  contrast  to  the  dormancy  of  the  grasses.  The  canyons  of  this  area  con- 
tain dense  stands  of  eastern  red  cedars  (Juniperus  virginiana)  which  form  an  Evergreen  Needle-leaved 
Forest  with  Conical  Crowns.  Topographic  position  and  the  use  of  seasonal  coverage  permit  ready  dis- 
tinction of  the  preceding  formation  from  the  Cold-deciduous  Al  luviol  Forest  composed  entirely  of  phreato- 
phytes  on  the  major  river  floodplains.  The  intense  infrared  rrflection  of  the  forests  in  this  area  is  in- 
dicative of  the  relatively  abundant  water  supplies  in  the  forested  areas. 

Examination  of  supplementary  sites  in  Wyoming,  northeast  Kansas,  New  Jersey,  the  Amazon  Bosin, 
Patagonia,  the  Sudan,  and  northern  Australia  provide  no  data  contravening  the  results  discussed  In  this 
section . 


DISCUSSION  AND  CONCLUSIONS 


From  the  illustrated  examples  and  other  test  sites  examined.  It  has  become  evident  that  the  for- 
mations of  the  Unesco  vegetation  classification  can  be  satisfactorily  distinguished  on  LANDSAT  MSS 
images,  especially  when  used  as  color  composites  and  judiciously  chosen  os  to  season.  The  imagery 
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may  therefore  be  used  as  a mappirtg  base  for  the  preparation  of  vegetation  mops  on  the  millionth  scale. 
This  outcame  was  to  be  expected  since  the  chief  criteria  used  in  preparing  the  classification  were  based 
on  density  and  vigor  of  vegetation  and  seosonol  variations  in  growth  behavior.  It  is  exactly  these  fac~ 
tors  which  affect  the  return  of  energy  to  the  satellite  in  the  wavelengths  to  which  the  Multi  “spectral 
Scanner  on  LANDSAT  is  sensitive. 

The  potential  value  of  riiops  of  this  type  for  large*orea  plonning  is  illustrated  by  the  example  from 
the  Western  Highlands  of  Papua  New  Guinea.  Analysis  or  the  imagery  indicates  a significant  potential 
for  the  expansion  of  production  of  valuable  commercial  crops  into  an  area  not  previously  used  for  this 
purpose.  Such  analyses  may  be  accomplished  by  either  of  two  related  methods.  The  first  of  these,  il~ 
lustrated  by  the  Papua  New  Guineo  example,  uses  the  concept  of  analogous  areas,  interpreted  fn^ 
lANOSAT  data  through  comparative  analysis  of  vegetation  ar^  landforms.  The  second  method  relies 
on  knowledge  of  the  suitability  of  various  crop  plants  as  substitutes  for  natural  vegetation  communities. 
Formotions  may  serve  to  effectively  indicate  which  crop  or  crops  have  the  greatest  production  potential 
in  any  area  or  to  localize  the  areas  where  ground  surveys  ore  required. 

One  other  significant  value  of  periodic  satellite  coverage  is  clearly  illustrated  by  Figures  40  and 
Human  activity  is  resulting  in  continuing  changes  in  the  distributional  relationships  of  agricultural 
and  natural  vegetation.  Recently,  center  pivot  sprinkler  irrigation  has  expanded  rapidly  in  southvrest- 
em  Kansas.  Much  of  this  expansion  has  occurred  in  areas  of  Medium  Tall  Grassland  Consisting  Mainly 
of  Sod  Grasses.  The  two  LANDSAT  images  indicate  the  marked  Increase  in  cultivation  which  has  oc~ 
curred  between  September  1972  and  July  1974,  Another  fbrmaiion.  Medium  Tall  Grassland  with  a 
Synusio  of  Brood-leaved  Deciduous  Shrubs,  is  also  present  in  this  area.  Few  attempts  to  introduce  irri- 
gation into  areas  with  this  formation  have  been  mode  and  these  attempts  have  met  with  limited  success, 
indicating  the  general  unsuitability  of  areas  with  this  formation  for  irrigated  cultivation  agriculture.  Uti 
lization  of  repeated  LANDSAT  coverage  then  permits  periodic  updating  of  mcy>s,  both  for  monitoring  af- 
fects of  changing  land  use  as  well  as  the  more  or  less  striking  changes  attributable  to  droughts  or  other 
natural  environmental  variations. 

In  conclusion,  this  study  has  found  LANDSAT  MSS  imagery  suitable  for  the  interpretation  of  vege- 
tation communities  at  the  formation  level  of  the  Unesco  classification.  The  utility  of  LANDSAT  data 
has  been  illustrated  by  a series  of  interpretations  which  produced  vegetation  formation  identifications  or 
mc^  similar  to  those  expected  from  existing  literature.  LANDSAT  data  was  employed  to  analyze  natu- 
ral vegetation  at  small  scales  for  sites  in  the  humid  tropics,  arid  and  semi-arid  sub-tropics  and  temperate 
zones,  attesting  to  the  universal  applicability  of  the  data  source  when  used  in  conjunction  with  the 
LInesco  classification. 
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discussed  in  this  paper  with  respect  to  the  distribution  of  For 
itlon.  Vegetational  data  are  after  Sochava  (ref.  14), 


H Trqskd  Cbud  Foreil  Tromition:  Submontone  » Morttone  Forest 

Si  Tropkol  OmIxopWbus  Aluvid  Forest  H Tropical  Ombfopbilous  Montana  Forest 

H Tfopfcd  Grosilwid  0 Loke 
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figure  2»  lANDSAT"?  imoge  (I026-00023I  of  a portion  of  the  Western  HigWonds  of  Popuo 
New  Guineci  and  the  vegetation  map  prepored  front  this  imoge  according  to  the  Unesco  clossl- 
ftcaflon,  it  h evident  by  comparison  of  Image  and  map  thot  more  detoli  Is  Inherent  In  the  lm“ 
age  than  may  be  reproduced  on  o mop  of  this  scale.  Colors  have  been  assigned  to  each  cult!" 
voted  area  according  to  the  opparent  ecolcgic  zone  bosed  on  forest  remnants  and  regrowth  with* 
If!  the  oreo. 
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Rgwre  3.  LAND$AT~1  imoges  iHusfraHve  of  o»her  orem  dominoted  by  forest  formations. 

A,  Irmge  (1027'“0(X)81)  of  another  volley  In  the  Western  Highlonds  of  Papua  New  Guinea, 
showing  similar  ecologic  conditions  to  those  on  Figure  2.  B.  Image  of  Mindoro  Islond,  Phil- 
ippines (!081“0l4442)  on  which  the  following  formations  ore  onnototed;  I)  Tropical  Grosslond, 

2)  Needle-leaved  evergreen  subformotion  of  the  Tropicol  Ombrophllous  Submontane  Forest, 

3)  Tropical  Ombrophilous  Lowlond  Forest  and  4)  Mangrove  Forest . C ond  D.  Images  showing 
seasonal  contrast  in  the  Great  Smoky  Mountains  of  the  southeastern  United  States.  Image  C 
(1354-15431)  was  acquired  12  July  1973  while  image  D (1084-15431 ) was  acquired  15  October 
1972.  Both  frames  are  onnototed  as  follows:  I)  Evergreen  Needle-leaved  Forest  with  Conical 
Crowns,  2)  Mon  tone  Cold"deciduous  Forest , ond  3)  Cold-deciduous  Broad-leaved  Forest  with 
Evergreen  Needle-leoved  Trees. 
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F}g«r«  4»  LANDSAT  “ ! imjges  MlustraHve  of  oreos  of  predominantly  scrub  or  herboceouf  vegr 
fatten.  A.  Imoge  (1130”01293)  of  interior  Western  Australia  with  the  following  annotations: 

1)  Semi  “deciduous  Subdesert  Shrub  land  and  2)  Medium'Toll  Grassland  with  a Syrsusio  of  Broad' 
leaved  Deciduous  Shrubs . 8.  Image  (1 194-07284)  of  northeastern  Ugondo  annotated  as  fof* 
lows:  1)  Tropical  Grassland,  2)  Tall  Grassland  with  a Synusia  of  8rood“leovcd  Deciduous 
Shrubs,  3)  Tall  Grosslond  with  a Deciduous  Tree  Synusia  Covering  10*40  Percent  and  4)  Ever” 
green  Needle~leaved  Woodlond  with  Pounded  Crowns.  C,  Image  (1347“16455)  of  south-cen* 
tfol  Kansas  with  the  following  types  annotated:  1)  Medium  Tall  Grassland  of  Sod  Grasses, 

2)  Medium  Tall  Grosslond  with  a Synusia  of  Broad-leaved  Deciduous  Shrubs,  3)  Evergreen 
Needle-leaved  forest  with  Conicof  Crowns,  and  4)  Cold-deciduous  Alluvial  Forest,  D and  E , 
This  pair  of  imogei  (1061-16570  and  1709-16494)  of  southwestern  Konsos  acquired  in, 1972 
(D)  ond  1974  (E)  Illustrate  replacement  of  a Medium  Toll  Grassland  by  sprinkler* irrigoted  crop* 
land  in  the  areas  marked  1 . A re  os  marked  2 are  Medium  Toll  Grassland  with  a Synusia  of 
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LANDSAT-1  DATA,  ITS  USE  IN  A SOIL  SURVEY  PROGRAM 


A-6 


By  F.C.  Westin  and  C.J.  Frazee,  Plant  Science 
Department  and  Remote  Sensing  Institute,  South 
Dakota  State  University,  Brookings,  South  Dakota 

ABSTRACT  N76-1747 

There  were  three  objectives  for  this  study.  First,  to  investigate 
the  unique  characteristics  of  LANDSAT  imagery  as  they  aid  in  recognizing 
soil  survey  boundaries.  Second,  to  explore  the  use  of  LANDSAT  imagery  for 
low  intensity  soil  surveys.  And  third,  to  investigate  LANDSAT  imagery  as 
a base  map  for  publishing  thematic  soils  maps. 

As  an  aid  in  recognizing  soil  boundaries,  the  following  character- 
istics of  LANDSAT-1  imagery  have  a bearing  on  the  use  oi  the  imagery  in  a 
soil  survey  program.  First,  each  scene  covers  such  a large  area  that  a 
synoptic  view  of  soil  associations  is  possible.  An  area  of  3.5  million 
hectares  can  be  studied  where  sun  angle,  condition  of  soil,  stage  of  veg- 
etative growth  and  other  features  are  recorded  at  nearly  the  same  moment. 

The  influence  of  climate  and  vegetation,  soil  parent  material  and  topo- 
graphy on  soils  can  be  detected.  Second,  the  scenes  are  near-orthographic. 
Thus  LANDSAT  scenes  join  one  another  with  very  little  distortion  so  that 
mosaics  can  be  constructed.  Moreover,  LANDSAT  scenes  fit  controlled  base 
maps  such  as  the  USGS  maps  and  thus  maps  showing  geologic,  topographic, 
soils,  cultural  and  other  features  can  be  superimposed  as  transparencies 
over  LANDSAT  scenes.  Third,  since  LANDSAT  passes  occur  every  9 days, 
scenes  can  be  selected  for  the  time  of  the  year  best  suited  for  soil  survey. 
Moreover,  the  changes  in  vegetation  and  use  of  soils  as  well  as  the  soils 
themselves  can  be  observed  as  they  change  with  time.  Fourth,  the  data  are 
recorded  in  four  distinct  parts  of  the  electromagnetic  spectrum.  Since 
both  soils  and  vegetation  reflect  differently  in  different  parts  of  the 
electromagnetic  spectrum,  the  use  of  four  bands  increases  the  chances  for 
unique  signatures  for  identification  of  vegetation  and  soils.  Fifth,  com- 
puter compatible  tapes,  on  which  the  reflectances  of  the  four  bands  are 
digitized,  are  useful  to  quantify  the  data  of  each  scc"»e. 

Using  many  of  the  characteristics  of  LANDSAT  imagery,  a low  intensity 
soil  survey  of  Pennington  County,  South  Dakota  was  completed  in  1974. 

This  study  was  supported  in  part  by  NASA  Office  of  University  Affairs, 

Grant  No.  42-003-007.  In  South  Dakota  a law  was  passed  in  1970  requiring 
that  agricultural  land  be  assessed  for  taxation  according  to  the  ability 
of  land  to  produce  agricultural  crops  or  native  grass.  A method  based  on 
soil  survey  data  and  land  sales  was  developed  at  South  Dakota  State  Univ- 
ersity for  use  by  assessors.  Soil  Survey  data  necessary  to  use  this  method 
are  available  for  only  41  of  the  67  counties  in  South  Dakota.  Low  inten- 
sity inexpensive  soil  surveys  can  piovide  the  data  needed  to  evaluate  ag- 
ricultural land  for  the  remaining  counties  until  detailed  soil  surveys 
are  completed. 

LANDSAT  color  composite  tiansparer..ies,  single  band  transparencies 
and  enlargement  prints  were  interpreted  to  produce  a soilscape  map  for 
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400,000  hectares.  Areas  of  sinilar  photographic  characteristics  were  de- 
lineated on  aylar  over  a color  composite.  The  field  checking  was  done  by 
a resource  team  of  soils,  geology  and  range  science  specialists. 

The  time  necessary  to  map  and  field-check  the  soil  associations  for 
400,000  hectares  using  LANDSAT-1  imagery  was  four  to  six  weeks.  The  total 
cost  for  this  low  intensity  soil  survey  was  about  24  per  hectare.  The 
soilscape  map  plus  land  sales  data  were  used  to  prepare  a land  value  map 
for  the  county. 

In  using  LANDSAT  imagery  as  a base  map  for  publishirg  thematic  soil 
maps,  the  first  step  was  to  prepare  a mosaic.  Twenty  LANDSAT  scenes  from 
several  late  spring  passes  in  1973  were  selected  and  made  into  a mosaic  of 
scale  1:1,000,090.  Two  state  LANDSAT  mosaics  containing  soils  information 
have  now  been  published.  They  were  funded  in  part  by  NASA  No.  S-21771 
and  NASA  Office  of  University  Affairs,  Grant  No.  42-003-007.  On  the  first, 
the  soil  associations  are  keyed  to  information  on  land  sale  prices  from 
1967-1972  and  the  result  is  a land  value  map  on  a LANDSAT  mosaic.  On  the 
second,  the  soil  associations  are  keyed  to  soil  test  results  in  South 
Dakota  of  the  last  25  years  for  organic  matter,  P20s»  K2O  and  pH.  Also 
given  for  each  soil  association  is  relief  and  texture.  Each  of  these  pub- 
lications cost  about  $400  for  5000  copies. 


INTRODUCTION 


Aerial  photographs  of  the  earth  have  been  used  as  a soil  survey  tool 
since  the  1930’ s.  Since  July  of  1972,  imagery  of  the  earth  from  the  Earth 
Resources  Technology  Satellite  (LANDSAT)  has  been  available.  LANDSAT  data 
are  multispectral,  temporal,  synoptic  and  near  orthographic.  Thus  they 
have  properties  not  previously  available  in  photographs  taken  from  air- 
planes. Limits  of  LANDSAT  data  include  lower  resolution  than  aircraft 
imagery,  atmospheric  attenuation  and,  since  data  are  taken  at  fixed  inter- 
vals, there  is  no  chance  of  avoiding  cloudy  or  stormy  weather.  Since 
imagery  is  a tool  of  soil  survey,  this  study  was  undertaken  to  evaluate 
LANDSAT  imagery  in  a soil  survey  program. 

The  following  characteristics  of  LANDSAT  imagery  have  a bearing  on 
use  of  the  imagery  in  a soil  survey  program. 

First,  each  scene  covers  such  a large  area  that  a synoptic  view  of 
soil  associations  is  possible.  An  area  of  3.5  million  hectares  can  be 
studied  where  sun  angle,  condition  of  soil,  stage  of  vegetative  growth 
and  ov  »'  features  are  recorded  at  nearly  the  same  moment.  The  influence 
of  climate  and  vegetation,  soil  parent  material  and  topography  on  soils 
can  be  detected 

Second,  the  scenes  are  near-orthographic.  Thus  LANDSAT  scenes  join 
one  another  with  very  little  distortion  so  that  mosaics  can  be  constructed. 
Moreover,  LANDSAT  scenes  fit  controlled  base  maps  such  as  the  USGS  maps. 
Such  maps,  showing  geologic,  topographic,  soils,  cultural  and  other  fea- 
tures, can  be  superimposed  as  transparencies  over  LANDSAT  scenes. 
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Third,  since  LANDSAT  passes  now  occur  every  9 days,  scenes  can  be 
selected  for  the  tiae  of  year  best  suited  for  soil  survey.  Soil  surveyors 
have  had  very  little  control  as  to  flight  scheduling  for  acquiring  aerial 
photographs  and  have  had  to  accept  photographs  taken  usually  in  aidsumaer 
when  the  soils  are  mantled  with  vegetation. 

Fourth,  the  data  are  recorded  in  four  distinct  parts  of  the  spectrum. 
Since  both  soils  and  vegetation  reflect  differently  in  different  parts  of 
the  electromagnetic  spectrum,  the  use  of  four  bands  increases  the  chances 
for  unique  signatures  for  identification  of  vegetation  and  soils. 

Fifth,  computer  compatible  tapes  containing  digital  data  relating 
to  reflectances  in  each  of  the  four  spectral  regions  are  useful  to  quantify 
the  data  of  each  scene. 

Much  of  the  literature  concerning  LANDSAT- 1 research  is  available  in 
NASA  Symposium  Results.  Freden  and  Mercanti  Cl)  have  summarized  the 
Third  Symposium  in  three  volumes.  The  work  done  in  soils  with  LANDSAT- 1 
appears  generally  under  the  discipline  heading  "Agriculture,  Forestry 
and  Range  Resources".  So  far,  the  information  extracted  from  LANDSAT-1 
data  in  soil  survey  is  by  direct  photointerpretation  or  by  automatic  data 
processing  techniques. 


METHODS  AND  RESULTS 


The  three  objectives  for  this  study  were:  to  investigate  the  unique 

characteristics  of  LANDSAT  imagery  as  they  apply  to  recognizing  soil  survey 
boundaries,  to  explore  the  use  of  LANDSAT  imagery  in  low  intensity  soil 
surveys,  and  to  investigate  LANDSAT  imagery  as  a base  map  for  publishing 
thematic  soil  maps. 


USE  OF  LANDSAT  TO  RECOGNIZE  SOIL  SURVEY  BOUNDARIES 


Synoptic  View 


Soil  boundaries  caused  by  climatic  and  vegetative  differences  usually 
can  not  be  observed  on  conventional,  air  photographs.  No  one  photograph 
covers  enough  area  to  show  evidence  of  these  soil  differences  due  to  cli- 
mate and  vegetation  changes  since  at  best  these  boundaries  are  diffuse. 

The  LANDSAT  scenes,  however  cover  an  area  large  enough  to  observe  climatic 
boundaries. 


Figure  1 is  of  eastern  South  Dakota 
itude  4S®1S’.  Shown  are  .legative  prints 
scene.  The  tonal  difference  of  tlie  east 
ive  differences  of  soils  and  vegetation, 
becomes  more  humid  toward  the  east.  The 
about  21  inches  of  annual  precipitation, 
about  25  inches.  More  small  grain  crops 


and  western  Minnesof’  along  lat- 
of  scale  1:500,000  of  part  one 
and  west  parts  is  duo  .o  reflect- 
In  this  area  the  climate  gradually 
western  part  of  the  ocene  receives 
w’hile  the  eastern  part  receives 
and  alfalfa  are  grown  in  the  drier 
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western  part  of  this  area,  while  more  corn  and  soybeans  are  grown  in  the 
more  humid  eastern  part.  On  June  17,  1973,  the  date  of  this  scene,  the 
small  grain  and  alfalfa  are  near  their  peak  of  green  growth,  thus  showing 
dark  tones  on  this  negative  print  of  MSS- 7,  while  the  corn  and  soybeans 
do  not  yet  cover  the  ground  and  the  light  tones  are  those  of  nearly  bare 
soil.  In  this  approximate  area  the  line  is  drawn  between  Udoll  soils  on 
the  east  and  Ustoll  soils  on  the  west. 

'^fhile  soil  boundaries  caused  by  climatic  and  native  vegetation  diff- 
erences r.re  diffuse,  boundaries  due  to  different  parent  materials  generally 
are  sharp.  Figure  2 is  a negative  print  at  a scale  of  1:500,000  of  MSS-7 
data  from  southwestern  South  Dakota.  Loess  (Area  A),  sand  (Area  B) , and 
calcareous  sandstone  (Area  C)  soil  parent  materials  all  are  apparent  on 
the  SCO-''-  Stream  patterns,  image  tone,  land-use  characteristics,  and 
land  . types  all  give  clues  for  these  separations. 

Soil  boundaries  on  the  Great  Plains  caused  by  relief  differences  are 
especially  apparent  on  imagery  in  areas  of  fine  textured  soils.  Most  of 
the  rain  falling  on  soils  of  this  texture  runs  off  because  of  the  low  soil 
infiltration  rates.  The  result  is  a network  of  closely  spaced  drains. 

These  drains  fill  with  snow  in  the  winter,  thus  relief  differences  are 
accentuated.  Figure  3 includes  negative  prints  of  MSS-7  data  of  scale 
1:250,000  from  the  Cretaceous  Pierre  shale  area  in  central  South  Dakota. 
Both  summer  and  winter  scenes  are  shown. 


Temporal  Character 


Figure  4 includes  parts  of  two  LANDSAT  scenes  from  western  South  Dak- 
ota taken  about  2 years  apart.  A change  in  use  of  some  of  the  soils  of 
the  Great  Plains  from  grass  to  wheat  has  been  brought  about  by  the  increase 
in  the  price  of  wheat.  This  change  in  the  use  or  soils  with  time  can  be 
studied  with  LANDSAT  imagery  since  bare  land  and  wheatlands  are  easily  di^  ■ 
tinguished  from  grasslands. 

In  figure  4,  two  negative  prints  of  scale  1:500,000  taken  about  2 
years  apart,  the  newly  cultivated  land  is  light-toned,  grassland  is  a med- 
ium gray  tone  and  wheat  is  very  dark  gray. 

These  changes  in  land  use  can  be  quantified  through  use  of  the  com- 
puter compatible  tapes  which  are  discussed  in  a later  section. 

Figure  5 includes  MSS-7  prints  of  the  same  area  of  southeast  South 
Dakota  of  two  dates.  Both  scenes  are  negative  prints  of  scale  1:250,000. 
Two  principal  soil  associations  are  shown:  A,  a nearly  level,  immaturely 

dissected,  glacial  plain  of  silty  soils  formed  in  a thin  loess  cap  over 
till;  and  B,  a dissected  plateau  having  rolling,  deep  loessial  soils. 

The  association  of  rolling  soils(B)  is  easily  distinguishable  on  the  May 
30  scene  but  is  less  easy  to  see  on  the  August  28  scene.  Vegetation,  and 
the  lack  of  it,  which  changes  with  time,  plays  a large  part  in  distinguish- 
ing these  associations.  The  rolling  Area  B is  characterized  by  two  fea- 
tures - considerable  erosion  and  more  close-growing  crops  - alfalfa,  grass 
and  small  grain.  This  causes  a mottled  tone.  The  mostly  dark  areas  in 
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these  negative-print  MSS- 7 data  are  crops,  and  the  splotches  of  white  are 
the  light  colored,  eroded  soils.  The  flat  soils  of  A in  late  May  are 
bare  or  only  partially  covered  with  the  recently  planted  corn  and  soybeans. 
Thus  they  appear  light- toned  in  geometric  shapes  on  this  negative  print. 

In  the  late  August  scene  the  two  soil  association  areas  appear  almost 
uniformly  dark-toned  since  practically  all  the  soils  are  mantled  with  some 
kind  of  growing  vegetation  on  this  date.  The  May  scene  thus  is  superior 
to  the  August  scene  to  show  these  soil  association  boundaries. 


Multispectral  Capabilities 


One  advantage  in  having  energy  recorded  in  four  spectral  bands  is 
that  unique  signatures  for  water  and  for  various  agricultural  uses  of  soils 
can  be  developed.  Figure  6 shows  4 sections  of  land  in  western  South  Dak- 
ota (Sections  1-4,  T106N,  R77W  Lyman  County)  as  they  appear  in  negative 
prints  of  two  bands  - MSS-5  in  the  visible  spectrum  and  MSS-7  in  the  near 
infrared.  The  scale  is  1:100,000.  On  MSS-7,  fallow  fields  appear  nearly 
white  (have  high  reflectance),  grass  is  in  light  gray  tones,  while  very 
dark  tones  are  of  growing  vegetation  - milo  or  wheat.  The  type  of  growing 
vegetation  is  difficult  to  distinguish  on  MSS-7  in  mid  or  late  summer. 
However,  on  MSS-5,  milo  reflects  nearly  white  while  wheat  appears  dark  gray 
at  this  time.  Thus,  using  MSS-5  and  7 in  combination,  water,  fallow, 
grass,  milo  and  wheat  can  be  separated.  These  are  the  main  uses  of  agri- 
cultural land  in  this  area. 

A crop  calendar  for  the  region  under  study  as  well  as  detailed  ground 
truth  information  on  the  date  of  the  LANDSAT  overpass  are  essential  for 
land  use  studies. 

Dark,  shale-derived  soils  occur  in  central  South  Dakota  on  slopes 
leading  down  to  che  Missouri  reservoir.  These  soils  occur  on  steep 
slopes  a;.i  in  places  are  actively  eroding.  The  black  eroding  soil  in  small 
gullies  adjacent  to  grass-covered  interfluves  occurring  on  gentler  slopes 
provides  an  energy  contrast  recorded  on  MSS-7  but  not  on  MSS-5.  Figure  7 
shows  MSS-5  and  7 prints  of  scale  1:250,000  of  the  same  area.  The  eroding 
soils,  labeled  appear  as  a white  fringe  on  the  negative  print  of  MSS-7. 
Thus  these  eroding  areas  can  be  detected  on  MSS-7  but  not  on  MSS-5. 

Soil  surveyors  are  concerned  about  separating  open  water  from  marsh- 
land. The  panchromatic  film  used  for  most  soil  survey  base  maps  records 
energy  in  the  visible  spectrum  comparable  to  MSS- 4 and  5 of  LANDSAT. 
Panchromatic  images  of  emergent  vegetation  in  marshes  and  open  water  re- 
flect about  the  same  on  MSS-5,  but  open  water  is  easily  identified  on  MSS-7 
and  sepaiable  from  marshland.  Figure  8 is  an  example  from  glaciated 
eastern  South  Dakota.  These  are  negative  prints  of  scale  1:500,000. 

What  appear  to  be  four  lakes  on  MSS-5  are  shown  to  be  two  lakes  and  two 
marshes  on  MSS-7. 
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Near-Orthographic  Character  of  LANDSAT  Images 


The  geometric  quality  of  LANDSAT  MSS  images  is  such  that  mosaics  of 
adjacent  images  join  with  very  little  distortion.  Moreover,  overlays  of 
controlled  base  maps  fit  LANDSA”"  images.  Overlays  can  be  prepared  for 
geology,  soils,  cultural  features,  drainage  and  the  like  to  assist  users 
in  orienting  themselves  on  LANDSAT  images  for  planning  purposes. 


Computer  Compatible  Tapes 


Most  of  the  work  with  LANDSAT  data  has  been  with  photographs  converted 
from  the  electronic  signals  received  by  the  multispectral  scanner.  However, 
the  digital  data  themselves  are  considered  to  have  more  dynamic  range  than 
can  be  accommodated  by  a photograph. 

In  digital  processing  the  amount  of  light  reflected  by  the  smallest 
area  recorded  by  the  scanner  on  tape  is  given  a digit.  The  MSS  bands  4, 

5 and  6 have  a range  of  digits  from  1 to  128  while  MSS  band  7 has  a range 
of  digits  of  1 to  64.  Thus  the  range  of  reflectance  for  the  4 bands  is 
divided  into  many  more  categories  than  can  be  distinguished  by  eye  from  a 
photographic  image  of  tho  scene.  Each  LANDSAT  scene  has  3,240  columns  and 
2,340  lines.  Since  each  scene  is  185  km  square,  each  digit  records  data 
for  about  0,45  hectarvis  (or  1.1  acres).  A histogram  is  prepared  for  each 
scene  recording  the  number  of  times  each  digital  value  is  printed,  so  that 
the  acreage  of  each  signal  can  be  computed. 

Machine  processing  of  computer  compatible  tapes  (CCT)  is  just  devel- 
oping. Until  computer  augmentation  is  more  fully  developed  and  generally 
accessible,  soil  surveyors  still  can  make  considerable  use  of  the  CCTs, 
with  only  simple  computer  software  and  hardware. 

This  is  the  procedure  used  in  this  study.  The  CCT  as  received  from 
the  EROS  Data  Center,  Sioux  Falls,  S.D.  has  2 pixels  of  MSS-4,  2 pixels  of 
MSS- 5,  2 pixels  of  MSS-6  and  2 pixels  of  MSS- 7 printed  together,  followed 
again  by  2 pixels  of  MSS-4,  2 of  KSS-5  and  so  on. 

Our  procedure  is  to  reformat  the  tape  so  it  is  compatible  for  use  on 
the  IBM  370/145  computer.  In  this  procedure  each  band  is  printed  separ- 
ately. The  first  step  is  to  get  a photographic  print  of  one  band,  usually 
7,  of  an  entire  LANDSAT  scene  at  a s ale  of  1:500,000.  This  is  superim- 
posed on  a uses  base  map  of  the  same  cale  over  a light  table  to  locate 
the  4 corners  of  the  LANDSAT  scene  on  the  base  map.  The  area  of  study  - a 
township  or  county  usually  - is  located  on  the  base  map  and  lines  connecting 
the  corners  of  this  are  draw  to  the  left  side  and  top  of  the  located  LAND- 
SAT scene.  Since  each  tape  has  3,240  columns  and  2,340  lines,  a small 
area  of  study  can  be  located  as  is  shown  in  figure  9.  On  a map  of  1:500,000 
the  LANDSAT  scene  measures  36.8  cm  on  a side.  Therefore  36.8  divided  into 
2,340  lines  indicates  that  there  are  63.8  lines  per  cm.  In  the  same  manner 
it  is  determined  that  there  are  88.2  columns  per  cm.  The  distance  from  the 
upper  left  corner  of  the  LANDSAT  scene  is  measured  to  the  intersection  of 
the  lines  connecting  the  4 corners  of  the  study  area.  This  is  converted 
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into  columns  and  lines,  and  thus  only  the  part  of  the  tape  encompassing 
the  study  area  is  printed  out.  The  entire  LANDSAT  tape  can  be  dumped  but 
this  would  result  in  a large  volume  of  paper  and  the  histogram  summaries 
would  be  meaningless  unless  the  investigator  wished  to  summarize  data  by 
LANDSAT  scene.  We  also  have  found  that  printing  every  other  line  and 
column  reduces  printout  size  and  although  there  also  is  some  reduction  in 
accuracy,  the  resolution  is  suitable  for  our  agricultural  applications. 

The  reflectances  of  MSS-S  and  MSS-7  usually  are  printed  out  and  the  digits 
are  converted  to  alphanumeric  form  so  one  svmbol  utilizes  one  space. 

The  tapes  printed  out  in  this  manner  are  not  rectified.  Rectification 
can  be  accomplished  but  requires  additional  computer  manipulation,  increas- 
ing computational  time  requirements.  As  printed  out  in  our  procedure 
the  sections  are  paru.lelograms  but  not  squares.  Figure  10  is  an  example 
of  a section  of  land  from  western  South  Dakota  printed  for  MSS-S  and  MSS-7 
data.  After  locating  a study  area  and  correlating  reflectances  on  MSS- 5 
and  7 with  ground  truth  data  from  test  sites,  the  combinations  of  reflect- 
ances on  the  two  bands  that  correspond  to  a land  use  such  as  fallow  or 
wheat  or  grass  can  be  determined.  Thus  on  MSS- 5,  figure  10,  the  fallow 
field  corresponds  mostly  to  M and  N while  on  MSS-7  the  fallow  field  corr- 
esponds to  E and  F.  A second  printout  can  be  prepared  for  the  study  area 
assigning  a unique  symbol  to  all  areas  where  M and  N appear  on  MSS- 5 and  E 
and  F appear  on  MSS-7.  A histogram  for  the  area  can  be  prepared  summariz- 
ing the  sep^’-aticns  in  terms  of  hectares,  acres  or  percent. 

Although  not  sophisticated,  this  procedure  permits  inexpensive  access 
to  the  quantitative  data  on  the  tapes  for  soil  survey  purposes. 


USE  OF  LANDSAT  FOR  A LOW  INTENSITY  SOIL  SURVEY 


In  South  Dakota  a law  was  passed  in  1970  requiring  that  agricultural 
land  be  assessed  for  taxation  according  to  the  ability  of  land  to  produce 
agricultural  crops  or  native  grass.  A method  based  on  soil  inventory 
data  and  land  sales  was  developed  by  Westin  et  al.  (2)  for  use  by  assessors 
in  South  Dakota.  Soil  inventory  data  necessary  to  use  this  method  are 
available  for  41  of  the  67  counties  in  South  Dakota.  General  soils  inform- 
ation such  as  low  intensity  soil  surveys  which  are  inexpensive  to  make,  can 
provide  the  data  needed  for  the  remaining  counties  until  detailed  soil 
surveys  are  completed. 

Using  many  of  the  characteristics  of  LANDSAT-1  imagery,  a low  intensity 
soil  survey  of  Pennington  County,  S.D.  was  completed  in  1974.  Frazee 
et  al . have  prepared  a detailed  report  on  the  work  which  was  supported 

by  the  Plant  Science  Department  and  the  Remote  Sensing  Institute  of  South 
Dakota  State  University  and  NASA  under  contract  42-003-007. 

LANDSAT-1  color  composite  transparencies,  single  band  tra..sparencies 
and  enlargement  prints  were  interpreted  to  produce  a soilscape-*^  map  for 

^ The  term  "soilscape"  is  a contraction  of  "soil  landscape"  described  in 
Buol,  Hole  and  McCracken  in  Soil  Genesis,  p.  300  as  the  assemblage  of  soil 
bodies  on  a land  surface  in  a particular  landscape. 
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400,000  hectares.  Areat  of  similar  photograpiiic  characteristics  were  de- 
lineated on  mylar  over  a color  composite  using  a light  table  and  a three- 
power  magnifying  glass.  The  field  checking  was  done  by  a resource  team  of 
soil,  geology  and  range  science  specialists. 

The  color  composite  transparency  was  adequate  for  locating  most  of  the 
boundaries  between  soilscape  areas.  The  time  necessary  to  map  and  field 
check  the  general  soils  for  400,000  hectares  using  LANDSAT-1  imagery  was 
4 to  6 weeks.  The  soilscape  map  and  land  sales  daia  were  used  to  prepare 
a land  value  map  for  the  portion  of  Pennington  Countv  east  of  the  Black 
Hills. 

The  color  composite  transparencies  were  most  useful  for  interpretation 
of  boundaries  between  soilscape  areas.  The  interaction  between  the  indiv- 
idual bands  provided  useful  clues  for  interpretations.  Most  of  the  bound- 
aries were  delineated  very  well  on  the  LANDSAT-1  imagery.  Areas  such  as 
flood  plains  which  were  too  small  to  delineate  using  the  color  composite 
transparency  at  a scale  of  1:1,000,000  were  mapped  using  the  1:250,000 
enlargement  prints. 

The  map  with  major  soil  boundaries  interpreted  in  the  office  by  photo- 
interpretation of  the  color  composite  transparencies,  single  band  positive 
transparencies,  and  enlargement  prints  is  shown  in  part  in  figure  11. 

Table  1 is  the  legend  for  this  preliminary  interpretation.  This  map 
(figure  11)  was  transferred  to  the  USGS  1:250,000  scale  topographic  map 
for  field  checking.  Each  area  delineated  was  visited  and  the  soil,  veget- 
ation and  geologic  materials  were  described  as  well  as  the  surface  features 
responsible  for  the  reflectance  patterns  apparent  on  the  LANDSAT  imagery. 

Examination  of  the  LANDSAT  imagery  in  the  field  indicated  several 
additional  boundaries.  These  were  delineated  and  the  final  map  prepared 
(figure  12).  Table  2 is  the  complete  legend.  Figure  13  is  a line  map 
enlargement  of  figure  12.  Figure  14  is  the  current  soil  association  map 
of  Pennington  County  by  Westin  and  Bannister  (4) . It  can  be  noted  that 
more  soil  areas  are  delineated  on  the  soilscape  map  (figure  12)  than  on 
the  current  soil  association  map. 

The  major  differences  between  the  two  maps  are  in  the  areas  with  soils 
formed  from  the  Fox  Hills  Formation,  the  White  River  Sediments  and  terraces 
overlying  the  Pierre  Shale.  Area  No.  32  on  the  Soils  Association  map, 
figure  14,  the  Ralph-Cabbart-Regent  Association,  was  divided  into  4 areas 
using  slope  and  land  use  data.  The  Badlands  area  labeled  under  69  was 
divided  into  three  segments  using  color  and  color  pattern  interpretations. 
The  terraces,  Caputa  Association,  36,  i<rere  separated  into  throe  parts. 

The  features  or  characteristics  observable  on  the  LANDSAT  color  compos- 
ite transparency  which  were  used  for  interpreting  the  soilscape  boundaries 
were  tone,  color,  land  use  patterns  and  drainage  patterns. 

The  soilscape  map  of  Pennington  County  was  interpreted  to  give  the 
Director  of  Equalization  general  guidelines  for  land  evaluation.  This  is 
stiown  in  figure  15.  In  this  process  a crop  and  grass  yield  rating  was 
calculated  for  each  soilscape  and  related  to  sales  figures  from  1967-1973 
furnished  by  the  Director  of  Equalization. 
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The  cost  for  this  low  intensity  soil  survey  was  roughly  per  hec- 
tare. The  LANDSAT  imagery  for  the  area  of  the  county  covered  cost  $100, 
and  travel  was  $100.  The  office  interpretation,  the  field  check  and  the 
final  drafting  took  about  36  man  days. 


USE  OF  LANDSAT  IMAGERY  AS  A BASE  MAP  FOR  PUBLISHING  SOIL  INFORMATION 


Since  LANDSAT  scenes  are  near  orthographic,  adjacent  images  join 
with  very  little  distortion.  Twenty  LANDSAT- 1 scenes  from  several  late 
spring  passes  in  1973  were  selected  and  made  into  a mosaic  of  scale 
1:1,000,000  by  Jack  Smith,  Photographic  Technician  at  the  SDSU  Remote 
Sensing  Institute.  It  would  be  unusual  for  all  LANDSAT  scenes  in  a single 
pass  to  be  cloud  free  and  so  it  was  necessary  to  utilize  several  passes. 
Some  scenes  were  joined  which  differed  in  date  by  18  days  and  although  this 
was  undesirable,  it  could  not  be  avoided.  It  would  take  about  30.-000  con- 
ventional air  photos  to  cover  South  Dakota.  The  expense  of  constructing 
a state  mosaic  from  conventional  air  photos  would  be  impractical. 

For  this  mosaic,  negative  prints  of  MSS-7  were  used.  For  our  mater- 
ials, negative  prints  were  one  generation  closer  to  the  original  and  hence 
were  sharper  than  positives.  Band  7 was  selected  because  all  water  bodies 
are  well  defined,  and  bare  soil  contrasts  sharply  with  cultivated  land 
and  grass  and  trees.  A LANDSAT  photographic  background  for  soil  related 
information  greatly  enhances  its  use  since  much  can  be  deduced  about  hydro- 
logy and  land  use. 

Two  state  lANDSAT  mosaics  have  been  published,  Westin  (5)  (AES  No.  5) , 
and  Westin  (6)  (AES  No.  7) . AES  No.  5 shows  53  soil  associations  to  which 
are  keyed  information  on  land  sale  prices  from  1967-1972,  general  agri- 
cultural use,  relief,  soil  texture  and  soil  parent  material.  A portion  of 
AES  No.  5 is  shown  in  figure  lb.  AES  No.  7 has  30  soil  associations  to 
which  are  keyed  soil  test  results  since  the  1950*s  for  organic  matter, 

P2O5,  K2O  and  pH.  Al'-,o  given  for  each  soil  association  is  relief  and 
texture.  Small  maps  of  the  state  printed  in  the  margins  show  annual  prec- 
ipitation and  temperature,  elevation,  soil  parent  material,  growing  degree 
days,  physical  divisions,  and  approximate  farm  size.  Each  of  these  pub- 
lications cost  about  $400  for  5000  copies. 

AES  No.  5 was  intended  for  users  interested  in  land  prices,  while  AES 
No.  7 was  intended  for  users  interested  in  the  nutrient  status  of  their 
soils  and  to  assist  in  planning  herbicide  rates  of  application  which  de- 
pend on  the  soil  texture,  organic  matter  content  and  pH.  In  both  pulica- 
tions,  the  soils  data  presented  are  more  meaningful  because  the  LANDSAT 
photographic  image  permits  the  user  to  see  the  general  use  of  the  soils. 

AES  No.  5 was  funded  in  part  by  NASA  5-21774  and  AES  No.  7 by  NASA 
Office  of  University  Affairs,  Grant  No.  42-003-007. 
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Table  1.  Legend  for  Preliminary  Interpretation. 


A.  Soilscapes  from  White  River  Sediments 

A1  --  Badland  walls  and  basins,  steep 

A2  --  Badland  uplands,  nearly  level  to  undulating 

B.  Soilscapes  from  Pierre  Shale 

B1  --  Shale  Breaks,  steep 
B2  --  Shale  Plains,  gently  rolling 
B3  --  Shale  Plains,  undulating 
B4  -*  Terraces,  nearly  level 
B5  --  Alluvium 

C.  Soilscapes  from  Fox  Hills  Formation 

Cl  --  Sandstone  Breaks,  Steep 

C2  --  Sandstone  Uplands,  gently  rolling 

C3  --  Sandstone  Uplands,  nearly  level 

D.  Soilscapes  from  Black  Hills  Footslope 
D --  Uplands,  gently  rolling 
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TuLl*»  2.  Soilscapcs  of.tacteiTi  Pennington  tounty 


Unit 

Land  rciTa 

Geologic  Material 

Soil 

Range  Site 

Lan  d Use 

I£S* 

Ground  Rater** 

A 

A1 

Hiliy  to  Very  stee? 
barren  badlands 

Siltstorie  and 
shale 

Hone 

None 

Son- 

Agricultural 

8« 

Rone  to  Poor 

A2 

Und;ilating  to  gently 
rolling  uplands 

0-5*  of  terrace 
alluvium  over  White 
River  Sedls^nts 

Shallow  to  Moderately 
Deep  Clayey  Soils 

Clayey- 

Shallow 

Rangeland 

4«-6g 

Poor 

A3 

b'early  level  to 
undulating  badland 
basins 

Clayey  alluvial 
sedi.T.tnts 

Shallow  to  Moderately 
Deep  Clayey  Soils 

Clayey- 

Shallow 

Rangeland 

«e-6s 

Poor 

A4 

Nearly  le'^el  to 
undulating  table  lands 

S-20*  of  terrace 
alluvium  and  aeolian 
deposits  over  White 
Rivor  Sediments 

Deep  Silty  and  Loaay 
Soils 

Silty- 

Sandy 

Cropland 

Rangeland 

3c-3e- 

ea 

Palp 

B 

Shale 

B1 

Steep  shale  breaks 

Pierre  Shale 

Shallow  to  Moderately 
Dc-cp  Clayey  Soils  and 
SholelrtT.d 

Shallow 

Rangeland 

7s-6e- 

Bs 

None  to  Poor 

B2 

Undulating  to 
roiling  sid^slcjpos 

Colluviuti  from 
Pierre  Shale 

Shallow,  Moderately 
Deep  to  Deep  Clayey 
Soils 

Clayey 

Rangeland 

&s 

Poop 

B3 

Undulating  to  gently 

rolling  plains 

Colluviur-.  from  Tox 
Hiliii  Sftnd^ione  and 
Pierre  Snaie 

Ekjcp  Clayey  and 
This  Cldypjii  Soils 

Clayey- 

Claypan 

Rangeland 

He-frs 

Fair  to  Good 

34 

Undulating  plains 

Thick  colluviuTi  from 
Pierre  Shale 

Moderately  Deep  to 
Deep  Clayey  Soils 

Clayey 

Cropland 

He 

Fair 

Ta‘  le  2.  Continued 


Lvir.d  Tom 

Goolci'.ic  Hatei'ial 

“TH — 1 

Ran:iO  Site 

Land  Use 

LCS* 

Ground  Vater** 

35 

Undulating  to  rolling 
dissected  terraces 

5-10*  of  terrace 
alluvi-int  over  Pierre 
Ghale 

Koderately  Deep  to 
Deep  Loary  Soils 

Clayey- 
Thin  Upland 

Rangeland 

ae-de 

rail*' 

36 

Unduiatins  to  gently 
rolling  terrace 
rear,  ants 

5-10*  of  terrace 
alluvion  over 
Pierre  Shale  or  White 
Piver  Sedirents 

Deep  Loac./  Soils 

Clayey 

Rangeland- 

Cropland 

Je-ae 

...Fair 

37 

Nearly  tevel  to 
undulatinjp  terrace 
rer^nantfe 

5-50*  of  terrace 
alluviuin  over  Pierre 
Shale 

Deep  Loany  Soils 

Clayey 

Croi>laad 

3c-3o 

:■  Fair' 

3B 

Nearly  level  terraces 

5-20*  of  terrace 
alluvii;’:.  over  Pierre 
Shale 

Deep  Silty  and 
hoasiy  Soils 

Silty- 

Clayey 

Cropland 

3e' 

fair  to  Good 

B9 

Nearly  level  terraces 

0-5*  oi  terrace 
alluvium  over  Pierre 

Shale 

Koderately  Deep 
Loarry  Soils 

Silty 

Rangeland 

Fair  to  Good 

C 

Soilscaofs  from  FoxHilD-  rorr-r.tion 

Cl 

Hilly  to  steep  bi'eaks 

Fox  Hills  Sandstone 
and  Shale 

Shallow  to  Moderately 
Deep  Loan^  Soils 

Shallow 

Rangeland 

Tit- 

' Fair ' " 

C2 

Rolling  upl.;nd-t 

Colluvlun:  from  i'ox 
HIUs  Sar.datcnfe  and 
Shale 

Shallo’A,  Koderately 
Deep  to  Deep  Silty 
Soils 

Silty- 

ShailoM 

Rangeland 

de-Cc 

Fair  Good 

C3 

Undjlatir.g:  la  Gently 
rolling  upl...id:i 

Col.}uvicn  fro'n  Fox 
Hills  Sar.dl.tor.e  and 
Shale 

Deep  Silty  Soils 

Silty 

Cropland 

3e-4e 

Fair  to-  Good 

c»* 

Kecriy  level  to 
undulating  uplands 

Ccl!uviun  Fron  Fox 
Hills  Sasdstore  and 
Shale 

Deep  Silty  Soils 

Silty 

Cropland 

3e-3c 

Tair  to  Good 

Table  2 


Centimifld 


unit 

Land  Fora 

Geologic  Katcrial 

Soil 

Range  Sits 

Land  Use 

LCSa 

around  Hater"* 

D 

Flood  Plains 

D1 

Flodd  plains  of 
Cheyenne  and  ehita 
Ri.vors 

Sands  and  fino 
textured  alluvium 

Deep  Clayey  and  Thin 
Sandy  Soils 

Clayey- 

Overflow 

Rangaland- 

Kayland 

Cnocllent 

D2 

Flood  plains  of  Rapid, 
Box  Eldar,  and  Spring 
Creeks 

Hedium  textured 
alluvium 

Deep  Silty  Clay  Loam 
Soils 

Overflow 

Hay land 

Re-*w 

CNcelleat 

E 

Soilscapes  from  BlacV  Hills  root»lcpe3  j 

Ll 

Rolling  uplands 

Colluvium  from 
Carlisle,  Greenhorn 
and  Hiohrara 
Formations 

Koderataiy  Seep  Clayey 
and  Loamy  Soils 

Thin  Upland- 
Cleyey 

Rangeland 

la-<te 

rain  to  l*oer 

E2 

Rolling  uplands 

Clayey  colluvium  and 
bedrock  from  Graneros 
Croup 

Shallow  to  Kodarataiy 
Deep  Clayey  Soils 

Shallow- 

Clayey 

Rangeland 

fis-fia 

tair  to  JPoor 

^ LCS  Land  Capability  Subclaaa 
**  Potential  for  development  of  household  wells 


Figure  1.  Diffuse  boundary  due  to  climatic  change  separating  soil  associations.  LANDSAT 
scene  of  J7  June  73  1329-16440-7  Scale  1:500,000.  Soils  at  eastern  edge  of  scene  (on 
the  right)  receive  more  moisture  and  thus  are  used  primarily  for  corn  and  soybeans, 
neither  of  which  mask  the  soil  surface  at  this  date.  These  lands  thus  have  low 
reflectance  and  gray  tones  on  this  negative  print.  Soils  at  the  western  edge  of  the 
scene  receive  less  moisture  hence  are  used  more  extensively  for  crops  like  small 
grains  which  require  less  moisture.  On  this  June  date  these  small  grains  are  reflecting 
strongly  in  the  infrared  and  thus  have  dark  tones  on  this  negative  print. 
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Figure  2.  Sharp  boundaries  due  to  soil  parent  material  differences. 
Southwest  South  Dakota.  LANDSAT  scene  of  3 June  73,  1315-17073-5 
Scale  1 : 500,000.  Negative  print. 
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Figure  3.  Soil  Association  boundaries  caused  by  topography  differences  as  seen 

J^no  and  Deco.bnr.  Thn  lop  sceno  ia  of  19  Juno  74  1726-16414-7  The  lo»er 
of  10  Dec  74  1870-16364-7,  on  both  the  scale  is  1:250,000  and  both  are  from  along 
the  Missouri  River  Reservoir  in  Central  South  Dakota  above  Fort  Randall  Dam.  Snow 
etches  the  drainageways  and  assists  in  topographic  delineation. 


5 Sept  72  1044-17004-7  24  Nov  74  1854-16483-7 

Scale  1:500,000  Scale  1:500,000 


Figure  4.  Temporal  changes  in  use  of  soils.  Both  scenes  are  negative  prints  of  the 
same  area  just  west  of  the  Oahe  Reservoir  in  central  South  Dakota.  The  reservoir  is 
visible  on  the  northeast  corner  of  the  scene.  The  light  gray  geometric  areas  are 
fallow  fields,  the  dark  ones  mostly  winter  wheat  or  alfalfa.  The  intermediate  gray 
tones  are  grass  and  the  small  white  specks  especially  noticeable  in  the  1972  scene 
are  stock  ponds.  Note  the  number  and  size  of  the  new  fields  on  the  1974  scene , some 
in  fallow  and  some  in  winter  wheat . These  clay  soils  in  the  Great  Plains  area  of 
South  Dakota  generally  are  not  cropped  unless  slopes  are  nearly  level . The  network 
of  drains  in  the  newly  cultivated  areas  indicate  they  occur  on  sloping  areas  subject 
to  erosion. 


30  May  73  1311-16444-7  28  Aug  73  1401-16433-7 

Scale  1:250,000  Scale  1:250,000 


Figure  5.  Temporal  change  useful  in  identifying  soil  associations.  Both  scenes  are 
negative  prints  of  the  same  area  in  southeast  South  Dakota.  The  Missouri  River  is 
the  large  river  in  the  lower  left.  The  Big  Sioux  River  is  the  stream  on  the  right 
part  of  the  scene.  On  the  May  scene  the  flat  soils  (A)  were  recently  planted  to 
corn  and  soybeans  but  still  reflect  mainly  bare  soil  and  are  light  gray  and  sharply 
separated  on  MSS-7  from  the  rolling  and  sloping  areas  (B)  used  primarily  for  small 
grains,  grass  and  other  close  growing  crops.  In  August  the  separation  of  the  soil 
associations  boundaries  is  less  distinct  since  nearly  all  of  the  area  is  vegetated 
and  reflecting  strongly  on  MSS-7.  Thus,  for  detecting  soil  boundaries  in  this  area 
the  May  scene  offers  a distinct  advantage. 


Figure  6.  Multispectral  differences  of  the  same  land  use. 
Negative  print  of  sections  1-4,  T106N,  R77W,  Lyman  County, 
South  Central  South  Dakota.  17  Aug  72  1025-165S1. 


Figure  7.  Multispectral  differences  of  the  appearance  of 
erosion  above  the  Missouri  River  Reservoir  in  south  central 
South  Dakota.  The  white  fringe  on  MSS-7  identified  by  an 
arrow  is  bare  eroding  soil.  Negative  prints  of  17  Aug  72 
1025-16S51. 
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Figure  8.  Multi spectral  dif ferenc 

marshes  (M)  on  LANDSAT  scene  of  21 


MSS' 7 


s in  the  appearance  of  lakes  (1,5  and 
Sept  72  1060-16491.  Scale  1:250,000 


Figure  10. 


LANDSAT-1  19  Aug  72 

COMPUTER  COMPATIlLb  TAPE,  BANDS  S AND  7 
SECTION  32,  T37N,  R26W,  BENNETT  COUNTY,  S.I3. 
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Figure  11.  Preliminary  interpretation  of  IAN0SAT-1  imagery  of  eastern 

Pennington  County,  South  Dakota. 


! ig'n'e  12,  i.AXDSAT  color  composite  of  f’entiuigton  County,  South  Dakota 
tvith  soilscape  map  on  Plains  portion.  Scale  about  1:1,000.000.  The 
•.%ystern  third,  roughly,  of  the  county  is  in  the  Black  liilU  and  out 
'if  the  s»-udy  area.  The  legend  for  the  map  is  table  Z.  figure  15 
is  an  enlarged  line  d rawing  of  this  map. 
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Legend  for  Pennington  County  Soil  Association 
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1 gure  14.  Current  soil  association  map  of  eastern  Penninotcn  County 
(Wes tin  and  Bannister,  1971).  Original  scale  » 1:500,00. 


Figure  15.  Land  value  map  of  eastern  Per.ninaton  fnuntv. 


Figure  16.  Part  of  LANDSAT-1  mosaic  with  soil  association  boundaries -north 
central  South  Dakota.  Negative  print.  Scale  about  1; 1, 000, 000. 


DELINEAIKMi  OF  THE  BOUMI>ARIES  OF  A BURIED  PRE-GLACIAL  VALLEY  WITH  LAMDSAT-1  DATA  A-7 


By  J.  B.  Peterson,  F.  B.  Goodrick  and  V.  M.  Melhom 
Purdue  University,  West  Lafayette,  Indiana 

ABSTRACT  ^ 

The  continuity  of  a narrow  meandering  strip  of  Udoll  (prairie)  soils  running  east 
and  vest  for  approximately  40  miles  across  north  central  Indiana  in  an  area  predominantly 
of  Udalfs  (timber  soils)  is  apparent  in  LAHDSAI-1  (ERTS-1)  data.  The  dark  Udoll  soils 
occur  in  predominantly  flat  topography  contrasting  sharply  in  satellite  imagery  from 
surrounding  i.ight  colored  Udalf  soils  in  the  characteristically  rolling,  undeveloped 
landscape  of  the  late  Wisconsin  till  plains. 

The  data  for  the  LANCSAT-I  imagery  over  central  Indiana  for  June  9,  1973  were  pro-  I 

cessed  through  a clustering  procedure  and  classified  with  resulting  increased  definition 
of  the  boundaries  among  soils  grouped  according  to  nine  categories  and  vegetation  to  two 
categories  of  reflectance. 

This  dark  stretch  of  prairie  soil  is  believed  to  have  formed  in  the  heavy  textured, 
poorly  drained  glacial  debris  which  filled  a major  pre-glacial  tributary  of  the  Teays 
River  system.  This  valley  was  apparently  reoccupied  and  partly  reexcavated  by  surface 
drainage  during  Interglacial  times  following  retreat  of  the  Kansan  and  Illinolan  age  ice 
Invasions.  Final  filling  of  the  valley  occurred  during  retreat  of  the  East  White  sublobe 
of  the  Wisconsin  stage  ice. 

Interestingly  enough,  the  origin  and  the  continuity  of  this  meandering  stretch  of 
prairie  was  not  recognized  by  soil  scientists  %rho  over  a 60  year  period,  mapped  the 
three  counties  which  encompass  it.  Furthermore,  geologists  who  had  been  searching  for 
the  exact  location  of  this  buried  valley  had  been  unsuccessful  until  the  LANDSAT  data 
provided  an  adequate  synoptic  view. 

Ready  idencification  and  location  of  the  valley  has  significance  to  soil  survey  and 
land  classification  people  as  a guide  to  soil  classification  and  land  use  and  to  geolo- 
gists as  a guide  to  location  of  a potentially  economically  significant  aquifer. 

INTRODUCTION 

LANDSAT-1  data  for  west  central  Indiana  revealed  an  anomalous  reach  of  dark  land 
meandering  in  an  east-west  direction  through  an  area  of  lighter  colored  soils.  Field 
studies  of  the  soils  and  geology  of  the  region  reveal  the  dark  area  to  consist  predom- 
inantly of  prairie  soils  in  contrast  to  surrounding  timber  soils.  Also  the  dark  strip 
is  found  to  delineate  a long  sought  burled  tributary  of  the  Teays  preglacial  river  system. 

The  results  of  the  study  suggest  a technique  for  using  LANDSAT  data  to  locate  other 
burled  valleys  which  may  be  important  sources  of  ground  water  and  mineral  deposits. 

TECHNIQUES 

Multlspectral  scanner  data  acquired  during  a LANDSAT-1  overpass  on  June  9,  1973  was 
classified  with  the  standard  LARSYS  classification  procedure  into  eleven  spectral  classes: 
five  classes  of  very  dark-colored  soils,  two  of  soils  of  Intermediate  tone,  two  of  light- 
colored  soils,  and  two  of  green  vegetation.  Corn  and  soybeans,  which  covered  most  of  the 
cultivated  land  in  this  area  in  the  1973  growing  season,  by  June  9 had  not  produced  enough 
canopy  to  Interfere  noticeably  with  the  reflected  radiance  from  bare  soil.  A plot  of 
relative  reflectance  was  made  along  a north-south  transect  south  of  Frankfort,  Indiana 
and  perpendicular  to  the  east-west  reach  of  dark-colored  soil. 

DISCUSSION 

The  continuity  of  a long,  narrow,  meandering  strip  of  prairie  soils  traversing  ap- 
proximately 65  km  in  an  east-west  direction  across  north-central  Indiana  was  first  noted 
on  LANDSAT-1  imag  -y.  This  particular  reach  of  dark-colored  soils,  although  mentioned  as 
a local  phenomenon  in  three  individual  county  soil  survey  reports,  was  not  previously 

97 


•78-^747^ 


<p-4^N0 


)AN’K  NOT 


recognized  as  a continuous  feature.  Early  residents  also  apparently  were  unaware  of  the 
true  extent  of  this  long,  rlbbon-llke  stretch  of  dark-colored  land,  because  they  gave 
it  local  names  at  different  places,  such  as  Round  Prairie,  Clinton  Prairie,  Twelve  Mile 
Prairie,  and  Vinton  Prairie. 

In  Figure  1 the  stretch  of  dark-colored  soil  Is  seen  meandering  through  and  bounded 
by  the  lighter  colored  soils  which  are  predominant  In  this  region.  The  plot  of  reflec- 
tance across  the  dark  soil  area  shows  measureably  lower  reflectance  of  the  dark  area 
(Figure  2). 

The  dark-colored  soils  are  of  the  Aquoll  and  Udoll  suborders.  These  soils  have 
developed  under  grassland  vegetation.  The  Aquolls  represent  more  poorly  drained  soils 
than  the  Udolls.  The  lighter  colored,  surrounding  land  consists  primarily  of  Udalfs, 
soils  developed  under  northern  hardwood  forests.  Pioneers  found  the  light-colored  soils 
dominant  on  the  undulating  till  plain  terrain,  vdilch  was  heavily  forested  with  such 
deciduous  trees  as  walnut,  poplar,  hickory,  beech  and  oak.  Before  artificial  drainage 
and  cultivation,  the  linear,  meandering  stretch  of  flat,  dark-colored  land  was  mostly 
poorly  drained  and  vegetated  with  grasses,  conuaonly  "marsh  grasses". 

The  darkness  of  Udoll  and  Aquoll  soils,  in  contrast  to  the  lighter  colored  Udalfs, 
results  from  a balance  between  additions  of  organic  matter  to  their  surface  layer  and 
the  rate  of  decomposition.  The  equilibrium  level  for  organic  matter  content  and  conse- 
quently darkness  of  color  typically  is  greater  in  the  surface  layers  of  grassland  soils 
than  in  timbered  soils. 

Specially  trained  crews  of  soil  scientists  have  on  two  occasions  mapped  the  area  in 
detail  without  recognizing  that  the  dark-colored  soils  belong  to  a single  linear,  long, 
meandering  strip  of  terrain  (Hurst  and  Grimes,  1914,  Tharp  et  al,  1914,  Ulrich  et  al,  1959). 
Had  this  fact  been  discerned  at  the  beginning  of  soil  survey  work  in  this  area,  the  survey 
would  have  been  expedited  more  quickly  and  effectively  and  costs  reduced.  Geological 
field  studies,  using  conventional  surface  mapping  and  subsurface  analysis  of  water  well 
records,  had  suggested  as  early  as  1915  that  a burled  preglacial  valley  might  traverse 
the  area.  However,  the  synoptic  view  provided  by  LAMDSAT-1  imagery  shows  the  true  extent 
and  character  of  the  dark-colored  soil,  permits  a more  accurate  definition  of  the  probable 
course  and  boundaries  of  the  ancient  stream,  and  reveals  regional  relationships  which 
previously  could  only  be  surmised  from  extant  data. 

The  area  is  located  just  a few  miles  east  of  the  classic  eastern  boundary  of  Che 
Prairie  Peninsula  or  Prairie  Point  which  extends  from  the  west  into  lands  predominantly 
covered  by  hardwood  forests  at  the  time  of  settlement.  (Trewartha,  1968,  Brochert, 

1950).  The  anomalous  extension  of  grasslands  into  an  area  where  Che  macroclimace  fav- 
ors hardwood  forests  results  from  the  flat  topography  and  fine-textured  surface  material 
filling  the  old  valley.  These  naturally  poorly  drained  soils  favor  grasses  rather  than 
trees. 

This  buried  valley,  recently  named  the  Clarks  Hill  Valley  (Maarouf  and  Melhorn,  1974) 
on  the  basis  of  subsurface,  geological  analysis,  is  evidently  a major  preglacial  tributary 
of  the  Teays  River  system.  This  valley  was  apparently  reoccuplcd  and  at  least  partly 
reexcavaCed  by  surface  drainage  during  interglacial  times  following  retreat  of  the  Kansan 
and  Illlnolan  age  ice  invasions.  Final  filling  of  the  valley  occurred  during  retreat  of 
the  East  White  sublcbe  of  the  Wlsconslnan  stage  ice.  This  recession  also  produced  a 
rather  flat  till  plain  surmounted  by  a few  crevasse-fill  deposits  or  kames.  The  old 
valley  may  have  remained  slightly  lower  topographically  even  during  retreat  of  the  Wiscon- 
slnan  ice,  and  for  a time  may  have  provided  ice  border  drainage  to  the  newly-formed  Wabash 
River  below  Lafayette.  With  gradual  cessation  of  meltwater  flow,  the  linear  depression 
became  a series  of  ponds  or  sloughs  which  infilled  with  lacustrine  silts  and  clays  or 
colluvial  deposits.  This  eventually  raised  the  old  valley  floor  level  nearly  to  that  of 
the  .idjacent  terrain.  The  Udoli  and  Aquoll  soils  seen  on  the  LANDSAT-1  imagery  developed 
on  these  Infill  materials. 
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These  differences  in  soils  and  terrain  of  the  valley  compared  with  the  surround- 
ing lands  has  a noticeable  effect  today  on  farming  practices  and  economic  conditions. 
Figure  3 shows  a farmstead  In  the  valley  fill  area  with  typically  new  and  abundant  grain 
storage  equipment,  whereas  Figure  4 shows  a typically  modest  farmstead  In  the  rolling 
terrain  and  lighter  colored  soils  of  the  till  plain  which  surrounds  the  valley. 

CONCLUSIONS 

The  results  of  this  study  ^luggest  that  elsewhere  in  the  glaciated  plains  region  of 
central  North  America,  machine  classification  of  spectral  response  from  soils  and  vegeta- 
tion may  have  value  In  defining  and  tracing  similar  burled  valleys  whose  position  Is 
poorly  known  or  whose  presence  Is  only  suspected.  The  valleys  are  locally  important  sour- 
ces of  groundwater  and  Industrial  mineral  deposits. 
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Figure  1.  Dark-colo 
soils  delineate  the 
preglacial  valley  In 


ino 


Udoll  and  Aquoll 
ace  of  a burled 


Figure  2.  Relative  Reflectance  along 
north-south  transect  across  burled 
Clarks  Hill  Valley.  Reflectance  Is 
lower  across  the  darker  soil. 
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Figure  3.  Homestead  on  Aquoll  soils  on 
surface  of  burled  Clarks  Hill  Valley 
reflects  high  soil  productivity. 


Figure  4.  Hoisestead  on  Udalf  Soils 
reflects  lower  productivity  than 
found  on  Moll  and  Aiuoll  soils  of 
t>*e  adjacent  Clarks  Hill  Valley, 
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ARE  CLEAR-CUT  AREAS  ESTIMATED  FR(»1  LAMDSAT  IMAGERY  RELIABLE? 
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By  y.  Jim  Lee,  Peclflc  Forest  Research  Centre,  Canadlen  Foreatry  Service, 
Environment  Canada,  506  West  Bumalde  Road,  Victoria,  B.C.,  Canada,  VBZ  IMS. 


ABSTRACT 


^76-1747? 


The  reliability  of  LANDSAT  Imagery  for  estimation  of  clear-cut  areas  was  evaluated  by 
comparison  with  data  obtained  from  hlgh-altltude  photos  and  logging  historical  map  and 
from  field  Inspections. 

A mature  forest,  owned  by  Pacific  Logging  Company,  was  selected  as  a test  site  because 
of  Its  continuous  clear-cut  operation.  The  forest  Is  about  50  l*.m  northwest  of  Victoria, 
British  Columbia,  Canada,  and  consists  of  9092  ha.  Ground  truth  was  based  on  hlgh-altltude 
photos  and  the  Pacific  Logging  Company  Logging  History  Map  for  1973,  with  a scale  of 
1:63,360.  LAMDSAT  Imagery  from  band  5,  recorded  by  multlspectral  scanner,  was  obtained  on 
September  4,  1972  and  on  August  12,  1973. 

Areas  clear-cut  within  the  past  year  were  overestimated  by  12.92  (105  he),  those 
clear-cut  1-year  or  more  by  2.22  (76ha),  whereas  uncut  mature  tlnd>er  wes  underestimated  by 
3.62(176  ha).  Three  clear-cut  areas  were  missed  In  the  company  map  and  two  In  the  LAMDSAT 
enhancement.  The  difference  between  area  estimates  was  significant  when  all  26  areas  were 
Included  but  not  when  2 overestimated  areas  were  excluded  from  the  analysis. 

Some  of  the  difficulties  In  using  the  technique  are  discussed,  but  the  study  Indicates 
that  LAMDSAT  Imagery  color  enhancement  Is  a useful  tool  In  up-dating  clear-cut  areas  for 
long-term  planning  In  forest  management. 


INTRODUCTION 


Logging  has  been  a continuous  operation  In  the  Province  of  British  Columbia  since  the 
earliest  days  of  settlement.  Accounting  for  the  acreage  logged  annually  Is  desirable  for 
long-term  planning,  but  It  Is  also  a tremendous  task,  expensive  and  time-consuming  to  carry 
out  by  conventional  means.  LAMDSAT  offers  a new  and  unique  periodic  overview  of  forest 
lands  and  could  facilitate  economic  collection  of  such  useful  data.  Earlier  studies 
Indicated  that  some  forest  management  operations  can  be  monitored  (Lee,  1974)  and  the 
technique  of  color  additive  viewer  enhancement  facilitated  the  Interpretation  of  a dynamic 
event  over  time,  such  as  clear-cut  areas  (Lee  et  al.,  1974).  By  adjusting  the  light  Inten- 
sity lllumlratlng  each  band  and  the  scale  of  each  Image  on  the  color  additive  viewer,  multi- 
date Imagery  can  be  superimposed  to  enhance  the  scene.  This  technique  Is  especially  useful 
for  areas  that  have  been  clear-cut  within  the  past  year,  where  the  LAMDSAT  signature  responds 
to  reflectance  from  exposed  mineral  soil.  The  purpose  of  this  paper  Is  to  demonstrate  that 
clear-cut  areas  and  uncut  mature  timber  can  be  Identified  and  the  acreage  estimated,  using 
LANDSAT  Imagery. 


METHODS 


The  mature  forest,  owned  by  Pacific  Logging  Company,  Victoria,  British  Columbia,  was 
selected  as  a test  site  because  of  its  continuous  clear-cut  operation.  The  forest  Is  a 
typical  old-growth  type  in  the  Pacific  Northwest  region,  consisting  of  mainly  Douglas-flr 
(Pseudotsuga  menzlesll  (Mirb.)  Franco),  with  western  hemlock  (Tsuga  heterophylla  (Raf.) 
Sarg.)  and  other  coastal  tr^e  species  as  minor  components.  It  Is  located  about  50  km 
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northwest  of  Victoria.  British  Columbia.  Canada,  and  consists  of  9092  ha. 

Ground  truth  was  based  on  hlgh-altltude  color  photography  (scale  1:120.000)  and  the 
Pacific  Logging  Company  Logging  History  Map  for  1973.  with  a scale  of  1:63.360,  and  field 
visits.  The  hlgh>altltude  color  photographs  were  taken  on  August  6,  1972  and  on  July  19. 
1973,  from  Falcon  and  CF-100  jet  aircrafts,  each  equipped  with  RCIO  and  four  Vln^■^n  70-mm 
cameras.  LANDSAT  Imagery  from  the  4 bands  recorded  by  the  multispectral  scanner  (MSS)  was 
obtained  on  September  4.  1972  and  on  August  12,  1973. 

Five  steps  were  required  In  order  to  produce  satisfactory  data  from  multi-date  LANDSAT 
Imagery.  The  first  step  was  to  cut  out  the  portion  containing  the  test  site  from  the 
23  cm  X 23  cm  black  and  white  MSS  5 Imagery  for  both  September  4,  1972  and  August  12,  1973, 
and  to  laount  them  between  "anti-Newton  ring"  lantern  slide  glass.  The  second  step  was  to 
place  the  slides  in  a color  additive  viewer.  The  third  step  was  to  adjust  the  scale  so  that 
the  multi-date  Images  were  superimposed.  The  fourth  step  was  to  give  the  right  amount  of 
llgnt  Intensity,  and  to  use  a red  filter  for  the  September  4,  1972  Imagery  and  a green 
filter  for  the  August  12,  1973  Imagery.  The  final  step  was  to  photograph  the  scene  on  the 
screen  of  the  color  additive  viewer,  using  35  mm  color  slide  film. 

A 35  mm  slide  projector  was  used  to  transfer  the  clear-cut  Information  onto  a map. 
comparable  to  the  Pacific  Logging  Company  Logging  History  Map  for  acreage  estimation. 

2 

A systematic  Dot-Area-Grid.  15.5  dots  per  cm  , was  used  to  estimate  acreage  of  the 
forest  types,  totalling  26  areas  (Figures  I and  2). 


RESULTS  AND  DISCUSSIONS 


Image  Interpretation 


Image  analysis  of  hlgh-altltude  photos  (Figures  3 and  4)  and  confirmation  from  field 
visits  Indicate  that  progress  of  clear-cutting  can  be  identified  from  LANDSAT  imagery 
(Figures  5 and  6)  and  mu^tl-date  enhanced  color  prints  (Figure  7).  Three  distinct  forest 
types  can  be  Identified:  (1)  areas  clear-cut  within  the  past  year,  (2)  areas  clear-cut  1 

year  or  more,  and  (3)  areas  of  uncut  mature  timber.  Areas  clear-cut  within  the  past  year 
showed  up  much  lighter  In  color  or  In  tone  (owing  to  fresh  slash  and  exposure  of  mineral 
soil)  than  those  areas  clear-cut  1 year  or  more,  with  or  without  slash  burn  (owing  to  gray 
slash,  planted  trt.  plus  grass  and  shrubs  and  burned  slash),  as  seen  In  Figures  3,  4,  S 

and  6 (see  arrows  ae  differences  in  color  among  the  3 forest  types  as  seen  In  the  multi- 

date  enhanced  col  rlnt  (Figure  7)  are  the  most  distinctive  ’•’here  areas  clear-cut  within 
the  past  year  are  red,  areas  clear-cut  1 year  or  more  are  yellow,  and  areas  of  uncut  mature 
timber  are  dark  gray.  In  areas  where  mineral  soil  or  rocks  are  exposed  for  several  years, 
the  distinction  between  1-year-old  and  older  clear-cut  areas  may  not  be  possible. 


Transferring  of  Forest  Types  Onto  Map 


Obviously,  the  question  will  be  asked,  "riow  can  the  forest  types  best  be  transferred 
onto  a map?"  Initially,  an  attempt  was  made  to  use  the  August  12,  1973  black  and  white 
LAi’DSAT  MSS  5 I'nagery  and  a 35  mm  slide  projector  to  transfer  the  forest  types  onto  the  map. 
This  procedure  was  not  successful  because  of  the  fuzzy  forest  type  boundaries.  However, 
when  the  multi-date  enhanced  35  mm  color  slide  (Figure  7)  was  used,  the  transformation  was 
more  successful  because  tlie  type  boundaries  were  qOite  clear.  Some  difficulty  was  encoun- 
tered In  the  transferring  process,  possibly  due  to  the  distortion  of  the  multi-date  enhanced 
slide  anj  the  positioning  of  the  35  mm  slide  projector;  so  projection  was  done  In  small 
areas,  2 to  4 cm  at  a time.  From  experience,  the  author  believes  tliat  if  an  Interpretoskop 
is  available,  this  difficulty  might  be  eliminated.  Transformation  of  forest  types  can 
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probably  be  done  directly,  using  LANDSA'i'  cole**  composite  >!3S  bands  4,  5 and  7 or  diazo 
color  composites  (Lee  et  al«.  1974). 

The  map  (Figure  1),  produced  by  the  process,  is  similar  to  the  one  provided  by  the 
Pacific  Logging  Company  shewing  areas  clear-cut  in  1973  and  before  1973. 


Area  Estimates 


Ideally,  area  calculations  should  ba  done  by  overlaying  the  maps  in  a grid  format  on 
a digitizing  machine.  This  machine  was  not  available,  hence  area  estimation  was  resolved 
by  dot  grids.  Therefore,  t!>e  error  in  area  estimates  from  dot  grids,  if  any,  is  vested  in 
the  process  (Bonner,  1975).  This  ^rror  is  not  serious  in  the  overall  estimates  between  the 
2 maps:  5 ha  or  0.1%;  but  it  may  have  some  effect  on  each  Individual  area  estimate  of  the 
26  areas.  Table  1 is  a summary  of  the  two  area  estimates  for  each  of  the  26  areas  and 
their  differences. 

In  spite  of  this  shortceming,  the  resulting  area  estimates  were  satisfactory: 

(1)  Areas  clear-cut  within  the  past  year  were  overestimated  by  105  ha  or  12.9%  only. 

(2)  Areas  clear-cut  1 year  or  more  were  overestiiitated  by  76  ha  or  2.2%  only. 

(3)  Areas  of  uncut  mature  timber  were  underestimated  by  176  ha  or  3.6%  only. 

A number  of  discrepancies,  most  of  which  were  small,  were  found  in  the  areas  clear-cut 
within  the  past  year.  Area  numbers  1,  2 and  11  were  incorrectly  classified  by  the  company 
in  its  mapping  process,  while  area  numbers  7 and  14  were  Incorrectly  classified  in  the 
LANDSAT  mapping  process.  Area  numbers  4 and  14  were  significantly  overestimated  in  the 
LANDSAT  mapping  process,  50.8%  and  82.4%,  respectively. 

Significant  differences  were  found  to  exist  between  area  estimates  from  the  company 
map  and  from  the  LANDSAT  enhancement  when  all  26  areas  were  included  (Chi-square:  80.80 
with  25  degrees  of  freedom) . However,  the  differences  were  not  significant  when  area 
numbers  4 and  14  were  excluded  from  the  analysis  (Chi-square;  40.99  with  23  degrees  of 
freedom).  In  the  LANDSAT  mapping  process,  the  total  clear-cut  area  was  overestimated  by 
only  181  ha  or  4.2%. 

Attention  should  be  drawn  to  the  fact  that  the  period  for  LANDSAT  clear-cut  area  esti- 
mates was  between  September  4,  1972  and  August  12,  1973,  but  the  period  for  company  clear- 
cut  area  estimates  was  the  1973  calendar  year.  Therefore,  a slight  discrepancy  in  area 
estimates  was  expected. 


CONaUSIONS 


The  ability  to  Identify  the  status  and  to  estimate  the  size  of  current  and  past  clear- 
cutting  activity  has  been  definitely  established.  The  acreages  for  clear-cut  and  uncut 
mature  timber  determined  from  LANDSAT  iragery  are  reliable  and  the  LANDSAT  color  enhancement 
technique  is  a useful  tool  in  up-dating  clear-cut  areas  for  long-term  planning  in  forest 
management. 
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TABLE  1 SUMMARY  OF  AREA  ESTIMATES 


Forest 

Type 

Type 

No 

Pacific  Logging  Co.  Logging 
Riatory»  ha 
<A) 

LANDSAT  Color  Additive  Viewer 
Enhancement  Logging  History 
ha  (B) 

Difference 

ha 

(C) 

-|g-  XIOO* 

60 

60 

0 

0 

57 

75 

-18 

-31.6 

39 

44 

- 5 

-12.8 

Logged  in 

65 

98 

-33 

-50.8 

1973 

52 

54 

- 2 

- 3.8 

134 

132 

2 

1.5 

11 

13 

- 2 

-18.2 

8 

13 

11 

2 

15.4 

mSm 

44 

44 

0 

0 

77 

75 

2 

2.6 

mSm 

106 

101 

5 

4.7 

44 

49 

-5 

-11.4 

75 

98 

-23 

-30.7 

wem 

34 

62 

-28 

-82.4 

Subtotal  611 

916 

-105 

-12.9 

15 

98 

98 

0 

0 

Logged 

16 

477 

502 

-25 

-5.2 

before 

17 

300 

321 

-21 

-7.0 

1973 

18 

495 

53P 

-43 

-8.7 

19 

1580 

1531 

49 

3.1 

20 

534 

570 

-36 

-6.7 

Subtotal  3484 

3560 

-76 

- 2.2 

21 

3496 

3401 

95 

2.7 

Uncut 

22 

28 

36 

- 8 

-28.6 

Mature 

23 

75 

73 

2 

2.7 

Tlober 

24 

476 

476 

0 

0 

25 

660 

583 

77 

11.7 

26 

62 

52 

10* 

16.1 

Subtotal  4797 

4621 

176 

3.7 

Total 

9092 

9097 

-5 

-O.l 

Figure  1 . Logging  history  map  produced  from  LANDSAT  iavigery  Color  Additive  Viewer 
enhancement.  (Forest  type  numbers  also  correspond  to  type  numbers  in 
Table  I) . 


no 


(D  FOREST  TYPE  NUMBER 


Figure  2.  Pacific  Logging  Company  logging  history  map.  (Forest  type  numbers  also 
correspond  to  type  rmisbera  In  Table  I) . 
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Figure  3. 


Figure  4.  Part  of  a 23  cm  x 23  cm  high-altitude  color  photo  taken  on  July  15 

1973,  showing  the  test  site.  Arrows  point  to  area  logged  In  1973. 
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Figure  6.  An  enlargement  of  LASDSAT-1  Imagery  from  frame  1385-18365  KSS-5  (August 
12,  1973) , showing  the  test  site.  Arrows  point  to  area  logged  in  1973. 
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Figure  7,  Color  Additive  Viewer  enhancement  of  logged  areas  (in  red  color, 

see  arrows),  using  LANDSAT  frame  1043-18370  MSS-5  (September  4,  1972) 
with  red  filter  superimposed  on  frame  1385-18365  MSS-5  (August  12,  1973) 
with  green  filter. 
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OPERATICHAL  COtSIOERATIOMS  FOR  THE  APPLICATION 
OF  REMOTELY  SENSED  FOREST  DATA  FROM  LANDSAT 
OR  OTHER  AIRBORNE  PLATFORMS 

By  G.  Robinson  Barker  and  Terrance  P.  Fethe 
St.  Regis  Paper  Coo^any,  Southern  Tinberlands  Division,  Jacksonville,  Florida 

ABSTRACT  N76-T7478 

The  forest  data  base  requirements  necessary  to  efficiently  manage  a large 
timber  based  forest  industry  of  the  1970’s  have  transcended  by  a considerable  margin 
those  data  required  two  decades  ago.  These  data  demands  have  grown  both  in  quanti- 
tative terms  and  in  the  level  of  precision  acceptable  to  successfully  undertake 
the  multiple  decision  making  processes  required. 

From  the  traditional  generaticn  of  area/volume  and  frequency  tables  used  in 
immediate  planning  for  harvest  and  cultural  activity,  data  are  new  subjected  to  the 
rigors  of  long  range  planning  manipulations,  as  these  data  represent  the  major  input 
to  such  planning  models.  To  be  effective  in  such  planning  activity,  the  data  must 
be  provided  in  a timely  manner.  Concurrent  with  the  increase  in  data  demand  and 
the  speed  of  preparation,  h<-:>  been  the  ever  increasing  difficulty  in  securing  and 
reducing  these  data  within  the  timetables  demanded. 

Remote  sensing  techniques  at  all  levels  seemed  to  offer  the  most  promising 
prospect  in  satisfying  the  data  requirements,  and  in  alleviating  the  difficult  task 
of  collecting  the  data.  After  a thorough  review  of  the  technology  of  remote  sens- 
ing and  the  state  of  the  art  of  interpretation,  it  was  realized  that  the  best  hope 
for  a practical,  implementable  scheme  was  to  approach  the  problem  in  three  phases, 
all  interrelated,  but  independent  enouc^  to  allow  for  the  progressive  modular  de- 
velopment of  a multi-level  sampling  system.  At  each  stage,  operational  feasibility 
will  be  evaluated  so  necessary  revisions  can  be  integrated  into  the  system  as  needed. 


INTRODUCTICag 

St.  Regis  Paper  Company,  Southern  Tinberlands  Division,  has  been  involved 
since  1971  in  investigating  the  possibility  of  utilizing  remotely  sensed  data  as 
a vieOsle  data  source  in  estaiblishing  a practical  forest  information  system.  The 
collection  of  the  data  must  be  economically  feasible  cmd  the  results  applicable 
to  large  non-contiguous  forest  land  holdings  in  the  Southeastern  Coastal  Plain 
provinces  of  the  United  States,  with  precision  levels  commensurate  with 'a  broad 
range  of  user  requirements. 


Statement  of  the  Problem  and  Background 

Nature  of  the  Problem. - With  the  inception  of  active  forest  management  prac- 
tices in  the  United  States  at  the  turn  of  the  century,  and  especially  with  the  in- 
tensification of  these  practices  in  the  post  World  War  II  years,  specifically  in 
ths  South,  a significant  part  of  forest  management  activity  has  been  devoted  to  the 
definition  of  the  forest  complex  in  terms  of: 


115 


. quantitative  standing  timber  values 

. ;'atterns  of  stand  structure  and  conditions 

. oynamic  response  of  the  forest  over  time. 

Quantitative  Timber  Values:  Quantitative  timber  values  refers  here  to  those 

measurable  quantities  of  Interest  defining  timber  as  a raw  material  in  terms  of 
commercial  units  of  value  (cubic  feet,  cubic  meters,  board  feet,  tons,  frequency, 
etc.).  These  values  are  Important  not  only  in  describing  the  gross  raw  material 
availability  as  a single  value,  but  also  in  providing  a quantitative  measure  for 
alternative  uses  available  from  the  timber  supply  on  hand. 

Forest  Stand  Structure  and  Condition:  Very  seldom  is  a forest  described  as  a 

whole,  but  rather  a conglomerate  of  many  forest  cover  type  components,  occurring 
as  a result  of  natural  forest  progression  or  from  conditions  resulting  from  man's 
cultural  activity.  While  quantitative  timber  values  describe  the  sum  of  individual 
tree  measurements,  stand  structure  and  conditions  describes  the  timber  stands  as 
productive  entitles.  Structurally,  stands  are  evaluated  as  to  species  composition, 
age  classes  of  significance  and  density  of  stocking.  Stand  condition  reflects  the 
environmental  situation  under  which  the  timber  is  growing,  and  the  productivity 
(growth)  potential  as  indicated  by  topographic  position  and  growing  site.  Growing 
site  is  here  defined  as  an  index  value  relative  to  productive  potential. 

Stands  then,  are  vegetative  associations  with  Individual  quantitative  values 
and  growth  characteristics.  Stands  may  also  constitute  non-vegetative  entitles 
undergoing  cultural  transition,  but  are  still  considered  part  of  the  overall  forest. 

Dynamic  Response  of  the  Forest  Over  Time:  Dynamic  response  refers  to  the  growth 

and  net  change  occurring  throughout  the  forest  complex  over  periods  of  time.  Such 
growth  represents  the  aggregate  growth  and  net  change  over  the  whole  forest  repre- 
sented by  its  constituent  stands. 

Magnitude  of  the  Problem. -Any  large  wood-using  manufacturing  facility  such  as 
a pulp  and  paper  company  requires  many  hectares  (acres)  of  tlmberland  to  support 
the  raw  material  demand  of  the  mills V.  St.  Regis,  as  a typical,  large  forest  pro- 
ducts company,  owns  or  controls  over  2.3  million  hectares  (5.7  million  acres)  in 
Continental  United  States  and  Canada.  From  these  lands  raw  material  is  supplied  to 
seven  pulp  mills  and  at  least  five  saw  mills  producing  products  from  wood  studs  to 
finish  veneers.  The  extent  of  St.  Regis  land  holdings  is  summarized  in  Table  I. 

As  an  operating  division  of  the  Corporation,  Southern  Timberlands  Includes 
over  680  thousand  hectares  (1.7  million  acres)  of  forest  land  owned  or  controlled. 
From  these  lands,  three  pulp  manufacturing  facilities  draw  approximately  30 
of  their  raw  materials.  When  the  lands  are  under  full  production,  it  is  antici- 
pated that  company  produced  raw  material  will  approach  70  percen."  of  the  mill  re- 
quirements. 

Geographically  the  three  mill  regions  within  Southern  Timberlands  are  illus- 
trated in  figure  1.  The  mill  regions  comprise  the  nuijor  administrative  subdivisions 
within  the  Division  and  are  Identified  as  the  Jacksonville,  Pensacola  and  Mississippi 


1/  Throughout  this  study,  common  units  of  measure  were  used  in  lieu  of  SI  units; 
thus,  area  - acres,  volume  ■ cubic  feet,  length  ■ feet,  or  chains  (66  feet). 
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Ragions,  The  administrative  componanta  of  thasa  subdivisiona  are  illustratad  in 
figure  2.  Relative  area  values  are  includad  for  comparison. 

Districts  are  the  largest  administrative  subdivision  within  a mill  region,  and 
are  usually  composed  of  fee  lands,  and  several  ownerships.  These  cwnershlps  repre- 
sent the  mote  than  90  leases  and  timber  purchase  contracts  making  up  the  380  thou- 
sand hectares  (949  thousand  acres)  of  controlled  land  in  the  South;  Table  II. 

Ownerships  and  fee  blocks  are  further  svbdivided  into  Administrative  Units. 

As  the  name  implies,  these  are  units  maintained  for  record  keeping  and  locational 
convenience.  The  smallest  and  most  vital  land  subdivision  within  the  Southern  Tim- 
berlands  is  the  Operating  Area.  Far  more  than  mere  administrative  subdivisions. 
Operating  Areas  are  functional  biological  data  units  from  which  information  at  all 
levels  is  derived.  The  evolutionary  history  of  the  Operating  Area  is  an  interest- 
ing one  and  reflects  at  once  the  traditional  approach  to  the  data  acquisition  pro- 
blem emd  the  vector  with  which  remote  sensing  tecdmology  might  be  integrated  '<ith 
established  procedure,  to  provide  a timely  data  base  of  quantity,  and  precision  to 
meet  the  cuzi.ent  and  future  needs  of  management. 

Background. - Frcmt  the  beginning  of  forest  management  in  the  South,  the  prc^lem 
of  securing  adequate  data  from  the  forest  has  existed,  and  various  schemes  for  gather- 
ing this  infoinnation  have  formed  an  integral  part  of  most  forest  management  activity. 
Whether  such  data  were  manifested  as  cryptic  scribblings  on  the  back  of  an  envelope 
or  a totally  automated  information  system,  the  basic  c^jective  has  been  the  same; 
to  establish  current  quantitative  timber  values  associated  with  a heterogeneous 
array  of  tinbered  and  non-tinbered  stands,  and  to  identify  and  measure  those  variables 
most  significant  i^i  the  prediction  of  future  quantitative  timber  values  and  stand 
profiles. 

In  the  early  1950* s an  elaborate  management  plan  was  developed  for  Southern 
Tinberlands  utilizing  the  best  information  available.  The  core  of  this  plan  was 
an  extensive  inventory  carried  out  by  a light  ground  saunnple  and  photo  interpreta- 
tion of  modified  infra-red  black  and  white  images  flown  in  1952.  The  objective  of 
this  plan  was  to  achieve  even-aged  management  within  one  or  two  rotations  throu^ 
a checkerboard  cutting  pattern. 

During  this  same  period  of  time,  a new  ground  sar^ling  concept  was  introduced 
to  southern  forest  managers.  Called  Continuous  Forest  Inventory  by  its  developers, 
this  technique  was  later  revised  and  renamed  Permanent  Growth  Sample  (PGS) . This 
sampling  scheme  was  based  upon  permanent  plot  locations  established  on  a very  wide 
grid.  Periodically  measured  on  a three  to  five  year  basis,  PGS  was  designed  to 
provide  overall  forest  statistics,  and  to  establish  growth  and  net  change  patterns. 
With  very  precise  measurements  as  a feature,  the  prime  objective  of  PGS  was  to  es- 
tablish growth  rates  either  en^irically  or  throu^  regression  techniques  for  the 
forest  as  stratified  by  those  parameters  most  contributory  in  growth  prediction, 
i.e.,  site,  age  and  density. 

Results  from  PGS  hic^lighted  two  in^ortant  points; 

1.  The  variables  controlling  the  growth  patterns  of  the  forest  were  not 
adaptable  to  rectangular  management  units,  but  rather,  were  closely 
allied  with  the  criteria  as  earlier  defined  for  a stand. 

2.  PGS  could  not  stemd  alone  efficiently  as  a data  source  in  providing 
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Infonaatlon  on  volusw  and  itand  coopoaltion*  in  addition  to  growth 
and  net  changa. 

From  tha  abova,  it  waa  datamlrad  a diffarant  foraat  aanpling  tachnigua  was 
nacaaaary  to  proparly  dafina  volama  and  atand  composition,  and  that  any  such  schatne 
nust  usa  tha  stand  as  a priouury  unit  of  invantory  sinca  this  vagatativa  association 
would  ba  projactad  through  tins. 

Parallal  davelopnant  of  conputar  technology,  both  in  hardware  and  software, 
cast  forest  data  acquisition  in  a new  light.  Tha  tools  of  operations  rer>eai'ch> 
linear  programming,  forest  simulation,  and  mathematical  scheduling  provided  tha 
means  for  the  development  of  long  range  planning  models.  The  scope  of  data  re- 
quired increased,  the  quality  of  tha  data  became  more  stringent  mid  tha  tii^eliness 
of  the  generated  information  became  vital.  Inventory  results  became  the  main  in- 
put source  to  these  upper  echelon  planning  models.  Since  small  errors  magnify, 
given  the  ingredient  of  timr  , the  precision  of  this  input  became  critical. 

Since  projections  are  made  on  an  annual  basis,  the  projective  unit  must  be 
(^exablei  that  is,  harvested  or  regenerated,  within  a year’s  time.  Some  stands 
were  just  too  large  to  meet  this  annual  operability  criterion,  and  had  to  be  sub- 
divided. The  stand  and/or  its  subdivision  was  redefined  as  an  Operating  Area,  and 
beceune  the  primary  inventory  and  projective  unit.  The  inventory  of  these  areas 
became  Operating  Area  Inventory  (OAI) . Figure  3 is  an  illustration  of  the  range 
of  data  collected  on  PCS  and  OAI.  Operating  Areas  became  not  only  the  basic  inven- 
tory and  projective  units,  but  also  the  primary  units  for  management,  replacing  the 
rectangular  man-made  configuration  with  a biological  association  whose  management 
was  to  be  optimized  with  applicable  economic  standards.  Administrative  Unit  maps 
are  generated  from  current  color  photographs  flown  at  a scale  of  1:15,840.  Figure  4 
shows  such  a photo  with  delineated  Operating  Areas  and  the  inventory  sample  points 
located  as  permanent  records. 

To  augment  OAI  and  to  insure  current  data,  the  basic  Inventory  information  is 
annually  updated  to  the  first  of  the  year.  The  updating  file  hac  become  the  major 
source  of  forest  information  used  as  input  into  the  long  range  planning  models,  and 
other  analyses  as  may  be  required  within  the  Division. 


Purpose 

The  data  required  to  measure  and  establish  those  parameters  of  quantitative 
value,  stemd  structuro  and  con^osition,  growth  and  net  chwge  are  broad  indeed.  Tra- 
ditional data  acquisition  procedures  are  inadequate  to  acquire  the  data  at  a level 
of  precision  and  speed  to  meet  the  current  and  projected  needs  of  management.  De- 
veloping methods  and  techniques  to  augment  the  data  acquisition  activity  without 
sacrif:  ;i.ng  the  accuracy  or  precision  of  data  collected  constitutes  the  primary 
thnist  t;f  this  research  activity.  As  of  this  writing,  no  conclusive  results  have 
been  reached.  It  is  the  objective  of  this  report  to  outline  the  methods,  and  where 
established,  the  procedures  taken  in  the  approach  to  resolving  this  problem. 


METHODS  AND  PROCEDURES 
Approach 

Feasibility  Study.-  In  the  early  1970's,  remote  sensing,  as  a concept  beyond 
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that  of  couvantional  photography,  nateriallaad  before  the  general  public  almost 
oveml^t.  Replete  with  unfamiliar  data  renditions,  hardware  configurations,  con> 
putational  analysis  procedures,  and,  of  course,  the  associated  vernacular,  remote 
sensing  developed  an  aura  of  mysticisir,  with  a "Buck  Rogers"  overtone.  To  a poten- 
tial user,  the  urge  was  to  "ride  off  in  all  directions  at  once".  St.  Regis  was  no 
exception.  The  literature  abounded  with  problems  and  their  solution  and  it  was 
easy  to  become  enthusiastic  over  edl  this  new  technology  and  its  potential.  It 
soon  became  apparent  that  the  solutions  afforded  were  for  pr^lems  we  didn’t  have. 

For  the  most  part,  the  resolution  of  these  problems  was  of  academic  or  local  in- 
terest only.  The  question  had  to  be:  "Can  this  new  technology,  stripped  of  its 

shroud  of  mystery,  contribute  significantly  to  the  solution  of  the  data  acquisition 
problem  within  Southern  Timberlands?" 

It  was  determined  to  approach  this  technology  slowly  and  deliberately  through 
a feasibility  study.  The  c^Jective  was,  through  review  of  literature,  conversing 
with  those  working  in  the  area  and  the  attendance  of  selected  short  courses,  to 
determine  what  the  real  po'rlbllities  were,  and  what  techniques  held  the  most  pro- 
mise of  success  in  solving  . .a  problem. 

After  a year  and  a half,  certain  conclusions  were  reached. 

1.  Operational  remotely  sensed  data  acquisition  was  not  yet  a reality 
for  the  private  sector. 

2.  Digitizing  of  photographs,  either  single  or  multi-band  involved  so 
many  uncontrolled  variables  as  to  render  the  data  analysis  question- 
able at  best. 

3.  Given  the  data  and  the  proper  digitized  format,  the  hardware/ 
software  analysis  Interface  was  a formidable  one  requiring  high 
costs  for  questionable  gain.  While  the  hardware  (cong>uter  capa- 
city) was  and  had  been  available,  existing  software  packages  were 
rare,  conplicated  and  not  tailored  for  general  user  applications. 

4.  The  real  potential  of  remote  sensing,  beyond  photogrammetry , was 
as  a tool  to  augment  already  ongoing  systems,  and  at  least  for 
the  present,  should  not  be  considered  as  a stand-alone  technique 
for  forest  data  acquisition. 

5.  The  need  for  specific  problem  definition  became  apparent.  Such  a 
definition  would  include  an  identification  of  what  was  needed,  a 
complete  review  of  known  techniques  and  methodology,  and  an  assess- 
ment of  what  additional  capability  was  necessary  to  fulfill  the 
Divisional  data  requirements. 

Scope. - The  scope  of  the  remote  sensing  research  project,  as  proposed,  is  broad, 
exceeding  by  far  the  range  of  any  one  study  plan.  It  was  proposed  to  divide  the 
research  into  three  phases;  to  establish  a photo/ground  sample  correlation,  to  in- 
vestigate techniques  of  multi-spectral  digital  analysis,  and  to  de- elop  a semi- 
automated  multi-level  sampling  system.  Each  phase  is  to  be  co,ntrolled  by  a work 
plan  but  will  be  related  to  the  other  phases,  and  in  many  cases,  work  will  be  carried 
out  simultaneously.  To  properly  verify  resalts,  research  activity  will  be  replicated 
at  least  three  times  throughout  the  Division.  These  areas  are  illustrated  in  figure  1 
and  are;  Jacksonville  Mill  Region  (J-T) , Lower  Coastal  Plain,  Flatwoods,  30,000  hec- 
tares (76,000  acif  .:)  ; Penseurola  Mill  Region  (P-T)  , Middle  Coastal  Plain,  6,800  hectares 
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(17,000  acr^s) ; and  the  Mississippi  Mill  Region  (M-T) , Middle  Coastal  Plain, 

31,600  hectares  (79,000  acres),  respectively. 

On  all  three  test  areas,  aerial  data  were  collected  at  various  altitudes,  yield- 
ing scales  of  1:31,680,  1:15,840,  and  1:7,920.  The  data  included  mylar  transparen- 
cies and  contact  prints  from  color  negatives  and  color  infra-red  aerial  film  posi- 
tive transparencies.  It  was  planned  during  the  process  of  this  investigation  to 
determine  an  optimim  coniiination  of  scale  and  media  for  interpretation. 


I.  Photo-Interpretive/Ground  San^>le  Correlation 

Hypothesis . - Beisic  correlation  is  possible  between  photo  based  estimates  of 
forest  data  and  the  same  data  ^ls  measured  on  the  ground,  such  that  sample  effici- 
ency will  be  in^roved  enough  to  significantly  reduce  the  ground  sample  necessary 
at  the  Operating  Area  level. 

Objectives. - Uie  basic  objective  of  this  phase  of  the  investigation  is  to  re- 
view and  gain  an  expertise  in  existing  photo-interpretive  techniques  and  methodolog-y 
and  to  establish  a reasonable  correlation  betv  3en  ground  saoples  and  photo-estimates 
from  low  to  medium  scale  photogreif^y.  To  achieve  this  objective,  the  photo-inter- 
pretive ground  saaple  £^ase  was  divided  into  three  investigative  segments. 

1.  A review  of  statistical  design  and  ground  saitpling  selection  criteria 
and  compatibility  with  photo  interpretive  techniques. 

2.  Direct  stereo  measurement  capability  in  premerchanteble,  non-commercial, 
understocked  emd  non-stocked  forest  land  in  terms  of  frequency  cuid  area 
allocations. 

3.  Direct  stereo  measurement  euid  estimation  capability  in  merchantable 
timbered  land  in  terms  of  relative  timber  quantities  and  timber  stand 
conditions,  and  the  establishment  of  a degree  of  correlation  between 
such  {hoto  estimates,  and  the  corresponding  ground  sample. 

Procedures . - The  procedural  approach  ♦■o  this  phase  of  the  investigation  will 
follow  methods  and  procedures  already  developed  euid  dociunented  and  will  include 
variations  of  this  technology  as  seems  appropriate. 

Stereograms:  To  establish  an  expertise  in  photo  interpretation  and  to  serve 

as  a future  training  tool,  stereograuns  were  constructed  representing  insofar  as 
possible  the  range  of  cover  types,  density  and  broad  site/productivity  levels. 
Bernstein  (1968)  defines  stereograms  as  "...moimted  stereographic  pairs  of  photo- 
graphs which  present  three-dimensional  \ iews  of  known  conditions  or  objects  of 
interest".  Normally,  relationships  established  by  the  stereogram  are  applied  to 
other  areas  of  similar  composition. 

The  stereograms  were  constructed  from  color  aerial  photographs  flown  at  an 
average  scale  of  1:15,840.  Choosing  by  ebservation  the  most  representative  area 
for  the  conditions  being  depicted,  a cluster  sample  was  teUcen  in  a 16  hectare 
(40  acre)  block  as  a primary  sample  unit  within  which  16  sample  points  were  sys- 
tematically distributed.  Data  collected  from  these  points  describe  in  detail 
the  characteristics  of  the  condi  ions  represented.  Figure  5a  emd  5b  illus- 
trate the  stereogram  format  and  the  included  detail  information  as  gathered  from 
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the  sample  block.  Figure  Sc  illustrates  the  ground  representation  of  this  stereo- 
gram. For  narrow  or  small  areas  of  significance,  where  the  establishment  of  a 16 
hectare  block  was  not  possible,  smaller  areas  were  delineated  and  san^led  accord- 
ingly) figure  6,  a-c. 

Sample  Design:  The  saiqpling  scheme  for  Phase  I mi^t  be  best  called  a strati- 

fied double  sample  design.  Stratification  is  used  to  break  dcMn  a basically  hetero- 
geneous forest  into  more  uniform  strata  in  an  attempt  to  reduce  the  variation  within 
the  forest  subdivisions:  Husch,  et  al  (1972).  A broader  range  of  variation  was 
allowed  within  the  strata  than  would  be  aillowed  within  an  Operating  Area;  however, 
the  strata  did  reflect  generalized  areas  of  similar  cover  type,  age  and  density 
classes.  Work  to  date  has  occurred  only  in  the  Pensacola  area,  and  for  this  area, 
five  strata  were  recognized: 

1.  Merchantable  Natural  Pine— 

2.  Regenerated  Merchantable  Pine,  ^18  years  old 

3.  Regenerated  Merchauitable  Pine,  <18  years  old 

4.  Merchemtable  Pine-Hardwood/Hardwood 

5.  Ncxi-stocked,  Understocked,  Non-Productive,  PremerchanteOsle. 

Upon  coi^letion  of  the  stratification  process,  a Scuq>le  point  network  was  in- 
stalled for  double  sampling.  Double  sampling  involves  the  estiaiation  of  a secondary 
variable  X in  a first  f^ase  and  the  subsanple  of  a related  primary  variable  Y in  a 
second  phase.  Generally  such  an  approach  is  used  where  the  obtaining  of  the  vari- 
able X is  relatively  inexpensive  with  relation  to  obtaining  the  variable  Y.  Photo/ 
ground  sampling  procedures  are  a classic  exeimple  of  the  double  sampling  technique. 

In  this  case,  X is  a photo  estimate  of  stand  density  derived  from  the  evaluation 
of  the  photograph's  tonal  and  textural  attributes.  Photo  estimates  are  relatively 
inexpensive.  The  primary  variable  Y is  the  measured  stauid  density,  in  terms  of  vol- 
ume, on  the  ground  based  upon  individual  tree  estimates.  Ground  samples  are  rela- 
tively expensive. 

Since  tree  volumes  are  of  concern,  double  sampling  is  extended  to  a final 
stage  wherein  the  individual  tree  volume  estimate  becomes  X,  and  the  measure  of 
the  tree's  volume  becomes  Y.  Precise  individual  tree  measurements  are  secured  using 
a Barr  & Stroud  Dendrometer.  Both  phases  of  a double  sample  are  mutually  dep>endent 
since  the  measurements  in  the  second  phase  are  taken  as  a px>rtion  of  the  sample  in 
the  first  phase.  It  is  vital,  therefore,  to  make  sure  the  actual  selected  photo 
location  is  occupied  on  the  ground,  and  that  individually  measured  trees  are  in- 
cluded in  those  estimates. 

The  method  of  selecting  Y in  the  second  stage,  is  one  of  unequal  probability, 
wherein  the  probability  of  an  item  being  selected  is  propjortional  to  some  predic- 
tive quantity,  hopefully  correlated  with  the  values  of  interest  such  as  volume. 


3/  Merchantability  is  an  arbitrary  size  limit  associated  with  stem  diameter 

as  measured  1.37  meters  (4.5  feet)  above  the  ground  (diameter  breast  height, 
DBH) . Minimum  merchantability  criteria  is  12.7  cm  (5.0  inches  at  DBH)  for 
all  species. 
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Sud\  a procedare  is  known  as  3P  saaqpling;  Grosenbau^  (1971).  The  measured  values 
of  Y taken  as  a li^t  second  phase  saiqple  will  be  used  to  correct  the  estimated 
variable  X,  obtained  from  a heavy  first  phase  aaaple.  Such  a correction  takes  the 
form  of  a correction  regressicm  made  between  X and  Y.  The  measure  of  efficiency 
of  double  sampling  is  the  degree  of  correlati<Hi  achieved  between  X and  Y.  Sudi  a 
correlation  can  be  eiqpressed  as  a coefficient  of  simple  correlation  of  the  form: 


where:  r = coefficient  of  single  correlation 

SX^  = standard  deviaticm  of  the  difference  between  X and  Y 
tfY-  = standard  deviation  of  the  sanple  population 

At  each  san^le  point,  a imilti-stage  sanple  cluster  was  estchlished  consisting  of 
four  subsanple  points  located  one  chadnl/  from  the  center  point  in  cardined.  direc- 
ticms.  The  clusters  san^led  a primary  unit  of  .4  nectares  (one  acre]  in  size.  This 
rather  large  plot  size  is  used  because  it  permits  the  interpreter  to  average  minor 
variation  in  stand  structure.  Also,  this  provides  a larger  "target"  for  the  field 
crew.  The  exact  correspondence  between  the  6u%as  estimated  on  the  photo  eind  on  the 
ground  is  considered  essential  in  establishing  a hi^  correlation  between  X and  Y. 

Photo  estimates  have  been  made  on  all  primary  seuiple  units  and  field  measure- 
ments are  now  in  progress. 

Upon  completion  of  this  woric,  an  Administrative  Unit/Operating  Area  overlay 
will  be  s\^rimposed  and  through  further  double  sanpling  with  photo  interpretation, 
strata  volumes  will  be  distributed  to  the  associated  Operating  Areas.  The  inter- 
preter will  have  the  benefit  of  the  stratified  results  in  terms  of  averages  emd 
ranges  of  the  quantities  of  interest. 

Possibility  of  Success:  The  idea  of  cruising  timber  from  aerial  photographs  is 

not  new,  it  hcis  iust  been  overlooked  in  many  areas.  The  benefits  in  efficiency  were 
pointed  out  in  the  late  1940*s  ^uld  early  '50*s;  Moessner  and  Jensen  (1951).  Elabor- 
ate aerial  volume  tables  were  published;  Avery  and  Myhre  (1959),  to  be  followed  by 
forest  typing  techniques,  Avery  (1960).  It  is  probably  sate  to  say,  with  few  ex- 
ceptions, that  mere  serious  {boto  interpretive  efforts  were  made  in  the  South  in 
these  early  years  than  has  been  done  since.  Currently  aerial  photographs  are  used 
primarily  as  locational  and  mapping  tools. 

It  is  felt  that  during  a period  where  knowledge  of  the  forest  was  slight  amd 
access  difficult,  aerial  interpretation  was  relied  on  out  of  necessity.  As 


^ Gunters  chain,  a standard  forestry  unit  of  linear  measure. 
1 chain  = 66  feet  = 20  meters. 
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managenent  Intensifiedt  infornation  needs  transcended  that  avail^le  from  th.?  then 
current  photograntetric  techniques.  Several  things  have  occxxrred  since  to  .(.ndicate 
this  may  no  longer  be  the  case. 

1.  The  high  quality  of  photo  products  available  both  ir.  color  and  color 
infra-red. 

2.  The  change  of  the  primary  unit  of  management  from  a rectangular 
heterogeneous  block  to  relatively  unifb.m  biological  entities. 

3.  nie  existence  of  a substantial  base  of  info.raiation  built  upon  praor 
knowledge . 

4.  Development  of  more  efficient  san^ling  techniques. 

5.  The  availability  of  hi^  quality,  relatively  inexpensive  {^oto 
interpretive  equipment. 

In  light  of  the  above,  it  is  felt  that  the  probability  of  establishing  an  i.i- 
formation  b^l5e  suitable  for  management  requirements  through  a photo/ground  double* 
sampling  procedure,  alleviating  the  ground  sanpling  effort,  is  en'x>uraging. 


II.  Multi -Spectral  Digital  Data  Analysis 

Hypothesis.-  Given  adequate  correlative  capeibilities  from  Phase  I,  that  simi- 
lar correlation  can  be  established  between  ultra-small  scale  imageri^  (as  may  be  se- 
cured from  LAiroSAT  or  other  airborne  platforms) , and  conventional  middle  to  large 
scale  aerial  jhotographs;  negating  the  necessity  of  correlating  such  small  scale 
imagery  directly  to  ground  seuiple  units. 

Objectives. - The  overall  objective  of  this  phase  of  study  is  to  evaluate 
the  usability  of  multi -spectral,  small  scale  digitized  data  as  a viable  data  source 
in  forest  data  acquisition,  such  that  these  techniques  become  a significant  contri- 
butor to  a multi-level  sampling  system. 

A coordinate  objective  will  be  to  ascertain  the  applicability  of  existing  ADP 
software  in  achieving  the  analysis  and  output  necessary  and  to  determine  if  such 
software  packages  can  be  modified  and  streamlined  for  more  general  use  with  exist- 
ing hardware,  as  might  be  available  to  any  user  group. 

In  addition  to  the  broad  objective  statement  made  for  this  phase,  it  would 
seem  that  several  ancillary  objectives,  not  so  dependent  on  the  success  of  Phase  I, 
could  be  reasonably  expected,  and  would  include* 

1.  Broad  cover  type  identification  and  delineation. 

2.  Separability  of  various  forest  density  classificatxons. 

3.  Geometric  resolution. 

4.  CheUiging  Icind  use  patterns. 
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Procedures.-  The  procedures  to  be  followed  in  Phase  II  are  largely  dependent 
upon  Phase  I.  It  is  fully  eigwcted  that  LANDSAT  data  will  be  used  because  of  its 
availability  and  reasonable  cost.  It  is  further  anticipated  that  these  data  will 
be  evaluated  in  both  the  multi-band  photo  interpretive  mode  and  in  the  multi -spectral 
digital  mode. 

With  the  data  source  available « there  will  be  a need  to  establish  the  system 
of  software  packages  to  be  used,  if  indeed  such  exist,  to  meet  our  objectives.  It 
is  strongly  felt  that  considerable  commitment  must  be  associated  with  this  phase, 
and  possibly  a consortium  may  be  the  most  logical  approach  to  the  problem.  With 
institutional  representation  as  part  of  such  a cooperative  approach,  the  other  par- 
ticipating neidsers  could  be  from  interested  con^anies  or  as  inter-divisioneLl  parti- 
cipation within  our  own  organization.  The  commitment  might  well  include  sponsor- 
ship of  graduate  assistantships  at  various  levels.  In  any  case,  the  procedures 
followed  at  this  stage  of  the  investigation  are  not  well  established,  and  often  may 
be  just  hints  of  possible  directions  to  pursue. 

Known  classification  techniques  will  be  investigated  to  ascertain  the  level 
of  pirecision  possible  in  separating  the  many  densities  involved.  Assuming  classi- 
fication can  progress  beyond  broad  forest  types  of  a level  1 classification; 

Anderson,  et  al  (1972) , is  the  geometric  fidelity  sound  enough  to  establish  property 
boundaries  given  digitized  maps?  If  this  capability  is  possible,  then  how  well  can 
density  classifications  be  separated;  and  can  there  be  a correlation  established 
between  these  density  levels  (X)  and  those  levels  as  established  on  aerial  {^oto- 
graphs  (V) ? 

Possibility  of  Success.-  Une  procedures  to  be  followed  and  the  following  dis- 
cussion are,  of  course,  largely  conjecture.  Accordingly,  the  degree  of  success  of 
this  phase  is  speculative;  however,  there  are  some  indications  of  at  least  partial 
success  in  most  areas.  At  the  outset,  forestry  applications  are  well  suited  to 
ultra-small  scale  imagery,  due  to  the  non-critical  nature  of  absolute  resolution. 
Forestry  operations,  in  general,  occur  over  broad  areas,  usually  at  least  8 hectares 
(20  acres)  amd  generally  from  40-120  hectares  in  size  (100-300  acres) . Given  rea- 
son^d}le  geometric  fidelity,  most  of  these  areas  could  be  readily  identifiable. 

It  is  true  t);at  digitized  data  lack  the  tonal,  textural  and  geometric  charac- 
teristics of  a photograph,  but  hopefully  the  multi-spectral  cispects  of  the  imagery 
will  overcome  scxne  of  these  disadvantages  and  will  add  some  advantages  of  their 
own.  Multi-spectral  data,  in  contrast  to  photographs,  can  tcike  advantage  of  spec- 
tral "signature"  characteristics.  Analyses  have  been  successful  in  delineating 
several  land  and  vegetative  classes,  and  have  aided  in  differentiating  areas  of 
contrasting  densities;  Yost,  et  al  (1971). 

Finally,  it  should  be  pointed  out,  that  this  study  is  not  and  cannot  be  depen- 
dent on  satellite  imagery,  LANDSAT  or  any  other,  simply  because  there  is  nr  guaran- 
tee of  a data  continuum  from  this  source.  Rather,  efforts  are  being  dirctcted  to- 
ward multi -spectral  digital  analysis  applicable  to  data  from  whatever  source.  It 
seems  fair  to  expect  success  at  least  in  generalized  terms  especially  in  the  area 
of  the  ancillary  objectives,  euid  the  possibility  of  success  in  achieving  the  primary 
objectives  is  too  provocative  to  overlook. 
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III.  A Semi -Automated  Multi-Level  Sampling  System 


Hypothesis. - Given  reasonable  success  in  Phase  I and  Phase  II,  a semi -automated 
multi-level  sampling  system  Is  achievable  in  which  data  acquired  at  several  scedes 
can  be  integrated  with  digitized  ground  truth  and  geometric  area  borndaries  to  pro- 
vide an  updated,  computer  oriented  data  bank  o£  information  at  precision  levels 
commensurate  with  the  needs  of  management. 

Objectives.-  The  overall  objective  of  this  third  and  final  stage  is  to  inte- 
grate the  saJient  features  of  Phase  I and  II  into  a functional  data  acquisition  sys- 
tem, semi -automated  and  con^atible  with  the  long  range  planning  data  base  required. 

Procedures. - Procedures  at  this  point  in  time  are  largely  uncertain  since  im- 
plementation of  Phase  III  is  still  somewhat  in  the  future.  Multi-level  sampling 
as  used  in  the  context  of  this  paper  refers  to  a sampling  scheme  where  data  are 
collected  at  various  levels  of  precision.  At  the  broadest  level  estimates  are  made, 
hopefully  related  to  other  variables  measured  more  precisely  at  some  lower  level, 
with  these  variable  estimates  in  turn,  being  related  to  variables  measured  at  still 
another  lower  2uid  more  precise  level.  In  effect,  a multi-level  sample  is  n^rely  a 
system  of  inter-related  double  samples.  The  basic  multi-level  approach  as  put  for- 
ward in  the  past  establishes  a broad  generalized  data  base  from  digitized  ultra- 
small scale  imagery,  Aldrich  (1971).  From  this  base,  subsample  blocks  are  super- 
in^sed  as  a basis  for  an  underflight  estimate;  finally,  strips  of  extremely  large 
scale  photography  are  flown  upon  whicdi  ground  sampling  takes  place  utilizing  some 
form  of  unequal  probability  sampling  much  like  the  3P/dendrometry  procedures  out- 
lined by  Grosenbaugh.  From  the  ground  sample,  data  are  expanded  to  tho  strip  and 
then  to  the  block  and  finally  to  the  entire  area.  Although  Aldrich  had  mixed  re- 
sults in  this  study,  the  concept  was  statistically  sound  and  with  some  more  refine- 
ments could  be  a workable  approach.  Unfortunately,  such  an  approach  would  neces- 
sarily ignore  the  Cperating  Area,  or  any  other  small  subdivision. 

Because  of  the  Operating  Area's  central  role  as  a primary  inventory,  projection 
and  management  unit,  cleissical  multi-level  sanpling  procedures  must  be  modified  co 
meet  our  basic  objectives.  The  modification  involves  the  tie  between  the  Operating 
Area  and  the  other  levels  of  sampling  units.  For  this  reason,  the  establishment  of 
a sound  correlation  between  photo  estimated  average  qiumtities  and  average  quantities 
as  measured  for  an  Operating  Area,  is  essential  for  success  of  the  proposed  system. 
Such  a correlation  would  provide  the  link  between  a standard  multi-level  sanpling 
procedure  and  the  Operating  Area.  Such  a link,  then,  would  allow  for  the  exploi- 
tation of  the  multi-level  results  at  the  ownership,  district  or  mill  region  level 
without  compromising  the  integrity  of  the  Operating  Area. 

Possibility  of  Success.-  If  Phase  I and  II  are  successful  at  least  to  the  degree 
of  establishing  the  multi-level  concept  as  a feasible  optical,  success  in  Phase  III 
is  assured,  at  least  in  theory.  The  principal  and  most  difficult  task  of  Phase  III, 
is  to  relate  the  multi-level  approach  to  an  information  system,  operationally  exe- 
cutable, economically  feasible,  with  results  that  enjoy  the  confidence  of  management. 
From  a practical  standpoint,  this  task  represents  the  bottom  line  of  the  entire  pro- 
ject. 


DISCUSSIWJ 

Operational  considerations  in  adapting  any  new  technology  are  always  a challenge. 
New  ideas  must  be  presented  with  gusto  in  almost  a revolutionary  context  just  to 
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attract  attention.  Once  given  the  sanction  to  proceed,  however,  an  evolutionary 
philosophy  must  be  adopted  to  assure  success,  or  at  least  to  avoid  disaster}  wit- 
ness the  development  of  the  computer  sciences  in  the  '50's  and  '60' s. 

Remote  sensing  as  a relatively  new  tedmology,  and  its  integration  into  an 
ongoing  data  acquisition  system,  is  no  exception  to  the  above.  It  is  vitally  im- 
portant not  to  be  "carried  away"  by  the  dazzling  possibilities  and  to  look  toward 
this  technology  as  a tool  and  not  a panacea  to  all  data  acquisition  problems.  It 
was  felt  that  stepwise  progression  toward  a multi-level  sampling  system  was  the 
logical  approach  to  the  problem,  where  expertise  could  be  built  on  past  experience. 

Because  of  the  nature  of  a modular  approach  to  the  problem,  the  objectives 
as  stated  for  the  various  stages  and  the  procedures  outlined  arc  subject  to  change 
as  experience  dictates.  Although  the  over^kll  complex  of  the  problem  solution  may 
change,  there  seems  to  be  a reasonable  chance  of  at  least  a partial  solution  based 
t^^n  work  already  done. 

Remotely  sensed  ultra-small  scale  imagery  is  being  viewed  as  one  of  many  data 
acquisition  tools  v^ich  collectively  establish  a data  base  far  more  conprehensive 
than  any  one  method  could  singly  provide. 
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* FlYuni  lA  parenthesis  represent  thousands  of  seres. 
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Figure  1 - St.  Regis,  Southern  Timberlands  Mill  Locations  and  Remote  Sensing  Test  Areas. 


Figure  2 - St.  Regis  Southern  Timberlands  Mill  Region  Administrative  Hierarchy 
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Figure  3 - St.  Regis  Data  Acquisition  Field  Tally  Sheet  Forms 
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property  not  ovmed  or  controlled 
Slash  pine  plantation  and  date  of 
planting 

Pine/hardwood  branch 
Cypress  pond 
liOngleai  flat 


Figure  4 - An  administrative  unit  with  included  operating  areas  and  ground 
san^le  grid. 
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Figure  5 - A stwdard  stereogram  format  showing:  (a)  a stereo  pair  with  primary 

sanfile  unit  layout;  (b)  associated  statistical  data;  (c)  ground 
representation,  ^ 
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Flfuw  6 - A standard  stereogram  forraat  showing  an  abbreviated  saapla  imit 


layout  showing*  (a)  a stereo  pair  with  priJnsry  sample  unit  layout* 
{bj  associated  statistical  data?  (c)  ground  representation. 
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TIMBER  TYPE  SEPARABILITY  IN  SOUTHl  STERN  UNITED  STATES  ON 

LANDSAT-1  MSS  DATA* 
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By  E.  P.  Kan  and  R.  D.  Dillman,  Lockheed  Electronics  Company,  Inc. 

Houston,  Texas 

N76-’ 7479 

ABSTRACT 


A quantitative,  computer-aided  study  was  made  on  the  spectral  separa- 
bility of  timber  types  and  condition  classes  in  the  Southeastern  United 
States,  using  LANDSAT-1  multispectral  scanner  data.  Conclusions  were 
obtained  on  accuracies  at  different  levels  of  mapping  detail  and  the  choice 
of  parameters  affecting  mapping  accuracies,  such  as  spectral  bands,  number 
of  bands,  and  seasons  of  data. 

It  was  concluded  that  LANDSAT-1  could  be  used  effectively  to  discrimi- 
nate the  gross  forest  features  of  softwood,  hardwood,  and  regeneration. 

The  only  significant  detectable  age  difference  would  be  between  an  estab- 
lished forest  versus  a young  (or  denuded)  forest,  i.e.,  regeneration.  The 
red  or  near  infrared  bands  would  be  better  for  discrimination;  phonological 
early  and  late  spring  data  would  be  better  than  winter  (summer  and  autumn 
data  were  not  available  for  analysis).  Ana  a temporal  analysis  would  be 
superior  to  single-season  analysis.  Lastly,  two  spectral  bands  would  be 
most  cost  effective  for  computer  analysis. 

The  study  site,  Sam  Houston  National  Forest  of  East  Texas,  is  a typical 
forest  in  the  Flatwoods  Zone,  Southern  Region,  U.  S.  Forest  Service.  The 
widely  accepted  computer  scheme  of  training-field,  maximum  likelihood- 
classifier  was  employed,  while  cross-classification  accuracies  and  diver- 
gence measures  were  computed  to  evaluate  timber  type  separability. 


1.0  INTRODUCTION 


This  study  was  undertaken  to  determine  the  feasibility  of  mapping 
timber  types  and  condition  classes  in  the  Southeastern  United  States  using 
Land  Satellite  (LANDSAT-1,  formerly  Earth  Resources  Technology  Satellite, 
ERTS-1)  multispectral  scanner  (MSS)  data  via  computer-aided  analysis. 

Timber  types  refer  to  stand  composition  by  dominant  species,  and  condition 
classes  refer  to  age,  size,  health,  and  adequacy  of  stocking.  To  this 
end,  three  objectives  were  pursued: 

• To  quantitatively  determine  the  spectral  separability  between  timber 
types  and  condition  classes,  and  additionally  between  the  general 
classes  of  merchantable  timber  which  consist  of  sawtimber,  pole- 
timber,  and  regeneration  softwood  stands. 


*The  material  of  this  paper  was  developed  under  NASA  Contract  NAS 
9-12200  and  prepared  for  the  Earth  Observations  Division,  NASA,  Johnson 
Space  Center,  Houston,  Texas. 
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• To  determine  the  optimal  spectral  bands  and  seasons  of  MSS  data 
for  maximum  separability  between  timber  types  and  condition  classes 

• To  determine  the  effects  on  classification  accuracies  because  of 
variations  in  the  number  of  spectral  bands 

Such  a study  is  essential  to  computer-aided  remote  sensing  applica- 
tions on  timber  resource  inventories  concerned  with  mapping  and  volume 
estimation.  The  mapping  accuracy,  mapping  levels,  sensor  spectral  band 
coverages,  seasons  of  data  acquisition,  and  number  of  bands  used  in  analysis 
are  important  design  criteria  in  these  inventories.  An  optimally  designed 
timber  resource  inventory  using  remote  sensing  data,  from  satellites  and 
aircraft,  in  conjunction  with  ground  surveys  would  provide  a most  efficient, 
timely,  accurate,  and  economical  solution  to  many  forest  management  prob- 
lems. For  example,  studies  by^ Aldrich  (1971)  and  Colwell  (1973)  have  proved 
the  efficient  use  of  a multistage  sampling  scheme  to  estimate  timber  volume 
on  a forest-wide  basis. 

The  present  study  determined  whether  or  not  satellite  MSS  data  such  as 
that  of  LANDSAT-1  could  be  used  at  or  beyond  the  mapping  level  of  softwood, 
hardwood,  mixed  softwood-hardwood,  and  regeneration,  the  four  categories 
constituting  forest  land.  (See  hierarchy  levels  in  section  2.2.)  Also, 
this  study  established  the  feasibility  of  discriminating  merchantability 
age  classes  by  LANDSAT-1,  i.e.,  discrimination  between  sawtimber,  pole- 
timber,  and  regeneration  stands  of  softwood.  These  conclusions  were  derived 
from  analyzing  a typical  forest  in  the  Southeastern  United  States,  as 
represented  by  the  Sam  Houston  National  Forest  of  East  Texas. 

A number  of  past  studies  have  been  carried  out  on  similar  subjects,  but 
not  to  the  same  extent  of  details  in  mapping  and  not  to  the  same  amount  of 
quantification  of  separability.  In  the  report  by  Heller  et  al.  (1974), 
investigators  reported  on  the  use  of  October  LANDSAT-1  MSS  data  and  computer 
classification  techniques  in  mapping  level  II  land  use  classes  in  Georgia. 
Level  II  included  pine  and  hardwood  classes  and  were  identified  with 
accuracies  ranging  from  42  to  81  percent.  Erb  (1974)  reported  the  analysis 
of  August  1972  LANDSAT-1  data  on  the  Sam  Houston  National  Forest  of  Texas, 
breaking  forest  land  down  into  hardwood  versus  pine  with  accuracies  as  high 
as  91  percent.  Aircraft  MSS  data  have  also  been  analyzed  with  the  purpose 
of  identifying  forest  land  use  classes.  Weber  (1972)  reported  processing 
a November  data  set  over  Atlanta,  Georgia,  and  found  that  spectral  bands 
very  similar  to  band  7 (0. 8-1.1  micron)  and  band  5 (0.6-0. 7 micron)  of 
LANDSAT-1  were  the  third  and  fourth  best  channels  after  the  infrared  band 
(1.5-1. 8 micron)  and  thermal  band  (9.3-11.5  micron)  for  separability  of 
forest  classes.  Accuracies  for  classification  of  pine  and  hardwoods  ranged 
from  20  to  80  percent. 

The  present  study  is  part  of  the  Forestry  Applications  Exploratory 
Studies  Project,  which  is  conducted  by  the  Earth  Observations  Division  at 
the  Lyndon  B.  Johnson  Space  Center  of  the  National  Aeronautics  and  Space 
Administration  and  by  the  Southern  Region  of  the  Forest  Service,  U.  S. 
Department  of  Agriculture.  Project  details  can  be  found  in  Anon.  (1974). 
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2.0  STUDY  SITE  AND  FEATURES 


2.1  Site  Description 


The  study  site  is  the  Conroe  Unit,  Raven  District  of  Sam  Houston 
National  Forest,  located  90  kilometers  north  of  Houston,  Texas  (figure  1). 
This  forest  is  in  the  "East  Texas  Piney  Woods"  or  "Flatwoods,"  which  is 
the  heavily  forested  portion  of  East  Texas.  The  Conroe  Unit  is  within  the 
southern  Gulf  Coastal  Plain,  and  the  overall  area  slopes  to  the  southeast 
at  1.5  meters  per  kilometer.  Slopes  are  generally  between  3 and  7 percent; 
elevation  differences  between  stream  bottoms  and  ridge  tops  are  usually  no 
more  than  25  meters. 

The  28,500  hectares  of  the  Conroe  Unit  consist  of  approximately  10 
percent  shortleaf  pine  {Pinua  echinata  Mill.)  on  the  ridges  and  upper 
slopes,  75  percent  loblolly  pine  {Pinua  tueda  L.)  and  hardwoods  on  the 
lower  slopes,  10  percent  hardwoods  in  the  drainage  ways,  and  4 percent 
regeneration  areas.  The  remaining  1 percent  is  made  up  of  openings  such 
as  pipelines  or  oil  well  sites.  The  most  common  hardwood  types  are  mixed 
oaks  — laurel  oak  {Quercua  lauri folia  Michx.)  and  willow  oak  (Queraua 
phelloa  L.),  and  gums  and  oaks  — sweetgum  {Liquidambar  styraciflua  L.), 
nuttal  oak  {Queroua  nutalli  Palmer),  and  willow  oak. 


2.2  Analysis  Levels 


A five- level  hierarchy  of  land  features  was  used  for  this  study 
(table  I).  The  terminology  and  structure  of  the  hierarchy  resulted  from 
modifications  of  those  from  the  Society  of  American  Foresters  (Ford- 
Robertson,  1971;  Anon.,  1974),  The  Forest  Survey  (Sternitzke,  1967),  and 
the  Geological  Survey  (Anderson  et  al.,  1972).  The  definitions  of  levels 
I and  II  features  are  adopted  as  follows: 


Forestland 


Softwood  - 


Hardwood  - 


land  of  0.4  hectares  or  more  in  size  supporting 
a stand  of  trees  whose  crowns  cover  more  than 
10  percent  of  the  area 

gymnosperms,  generally  having  evergreen  and 
needle  foliage;  a softwood  stand  consists  of 
more  than  50  percent  pint  in  the  overstory. 

angiosperms,  generally  having  broadleaved  and 
deciduous  foliage:  a hardwood  stand  consists  of 
less  than  25  percent  pine  in  the  overstory 


Mixed  softwood-hardwood  - a stand  of  mixed  softwood-hardwood  consisting  of 

25  to  SO  percent  pine  and  the  rest  hardwood 

Regeneration  area  - cutover,  burned,  or  otherwise  denuded  forestland 

in  process  of  being  reclaimed  by  a young  forest. 

The  class  "regeneration"  in  level  II  was  considered  appropriate  i.n  this 
computer-aided  remote  sensing  application,  since  regeneration  has  spectral 
characteristics  known  to  be  distinct  from  established  forest  stands.  Also, 
it  was  considered  impossible  to  discriminate  among  shortleaf  regeneration, 
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loblolly  regeneration,  and  hardwood  regeneration.  The  breakdown  under 
regeneration  into  seedling-sapling  or  nonstocked  is  at  level  V. 

Levels  III,  IV,  and  V are  traditional  breakdown  and  represent  levels 
of  detail  usually  mapped  by  ground  survey  or  photointerpretation.  The 
special  level  "general  age  class"  was  created  to  study  the  condition 
classes  of  softwoods  collectively,  i.e.,  sawtimber,  poletimber,  and  regen- 
eration areas.  The  identification  of  these  general  classes,  as  opposed  to 
the  more  detailed  level  IV  classes,  has  mercantile  and  management  import. 
The  limited  amount  of  hardwood  sites  in  the  study  area  did  not  allow  this 
study  to  analyze  hardwood  sawtimber,  poletimber,  and  regeneration  separa- 
bility. 


3.0  TECHNICAL  APPROACH 


The  overall  approach  taken  in  this  study  is  the  "training-field 
classification/ analysis"  process  used  in  computer  systems  such  as  LARSYS 
{Phillips,  1973),  RECOG  (Ells  et  al.,  1972),  and  ERIPS  (Anon.,  1973).  This 
approach  essentially  consists  of  (1)  the  acquisition  of  spectral  signatures 
of  land  features  by  locating  "training  fields"  of  these  features  on  MSS 
data  and  computation  of  their  statistics;  (2)  searching  for  optimal  ser 
of  channels  for  classification  through  calculation  of  some  mathematical 
distances,  e.g.,  divergence  (Marill  and  Green,  1963)  or  probability  of 
correct  classification  (PCC)  (Anderson,  1958);  and  (3)  computer  classifica- 
tion, e.g.,  using  a maximum  likelihood  classifier  which  assigns  to  an  un- 
known data  pixel  (picture  element  in  MSS  data)  a most  likely  class  associa- 
tion from  all  the  possible  training  classes.  A training  class  means  land 
feature  on  which  training  field  statistics  are  available.  Through  this 
process,  limber  type  separability  information  will  be  obtained  via  the  two 
mathematical  measures  of  divergence  and  PCC.  (See  section  3.2  for  details.) 

Figure  2 is  a schematic  flow  diagram  of  the  analysis  procedures 
followed  in  this  study.  Three  LANDSAT-1  data  sets  were  checked  for  data 
quality  before  they  were  registered  and  composed  to  form  one  11-channel 
data  set.  The  registration  was  performed  image-to- image  and  to  the 
corresponding  longitude  and  latitude  locations.  Since  each  individual - 
date  data  set  has  four  MSS  channels,  the  composition  of  data  sets  resulted 
in  a 12  channel  data  set  with  the  ordering  of  the  channels  and  their 
spectral  coverages  tabulated  in  table  II;  however,  the  last  channel  of  the 
May  data  set  was  too  noisy,  and  thus  omitted  from  analysis,  Iience  an  11- 
channel  data  set. 

Random  training  fields  of  the  level  V forest  features  (table  I) 
were  selected  and  their  coordinates  recorded  on  the  MSS  data.  The 
same  locations  applied  to  all  three  dates  because  the  three  data  sets  had 
been  registered  to  one  another.  By  straightforward  aggregation,  training 
fields  for  all  hierarchy  levels  were  compiled.  At  each  level,  divergence 
calculations  were  made,  compiled,  tabulated,  and  analyzed.  Also  class 
pairs  were  classified,  a pair  at  a time,  producing  pairwise  correct  classi- 
fication accuracies.  The  average  of  these  were  then  calculated,  tabulated, 
and  analyzed.  Additionally,  all  class  statistics  were  used  simultaneously 
to  classify  all  the  selected  random  test  fields,  producing  overall  classi- 
fication accuracies.  (See  section  4.0  for  examples.) 
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3.1  LANDSAT'l  Data 


The  LANDSAT'l  frames  over  the  study  site  were  used  for  analysis  and 
covered  three  distinctive  phenological  dates  in  the  Southeastern  United 
States.  These  dates  covered  winter  (I.D.  1127-16253,  November  27,  1973), 
early  spring  (I.D.  1217-16254,  February  25,  1973),  and  late  spring  (I.D. 
1289-16254,  May  8,  1973).  Summer  and  autumn  data  were  not  available  for 
analysis.  These  three  data  sets  were  registered  and  composed  to  form  an 
11-channel  (12  less  1 because  of  poor  quality)  temporal  data  set  of  a size 
roughly  500  scan  lines  and  600  pixels  per  line.  The  ordering  and  spectral 
coverages  of  these  temporal  channels  are  listed  in  table  II.  A black-and- 
white  rendition  of  channel  6 (February  band  2)  is  shown  in  figure  3. 

Because  of  the  small  spatial  resolution  of  LANDSAT-1  MSS  data  (at 
80x80  meters  per  pixel  after  registration),  the  sizes  of  training  fields 
and  test  fields  were  constrained  to  be  no  more  than  5x$  pixels.  Hardxood 
features  usually  called  for  narrower  and  smaller  fields.  In  this  study, 
the  number  of  training  fields  and  test  fields  had  been  chosen  roughly 
proportional  to  their  occurrence  in  the  study  site.  These  fields  consti- 
tuted roughly  1 percent  of  the  study  site. 


3.2  Separability  Measures:  Divergence  and  PCC 


Two  mathematical  measures  \.’ere  used  to  quantify  the  spectral  separa- 
bility betv/een  timber  types:  (1)  the  divergence  measure,  J and  (2)  the 

probability  of  correct  classification,  PCC.  (Marill  end  Green,  1963; 
Anderson,  1958;  and  Chang,  1971) 

The  divergence  measure  is  an  approximate  measure  for  separability, 
while  the  PCC  measure  is  truly  the  separability  measure.  However,  PCC  is 
difficult,  if  not  impossible  to  calculate  except  by  straightforward  estima 
tion  via  computer  classification  which  provides  classification  accuracy 
measures.  On  the  other  hand,  the  divergence  measure  can  be  algorithmical 1 
computed  based  on  the  usual  statistical  assumption  of  normality.  In  this 
study,  the  divergence  measure  and  the  classification  accuracy  measure  were 
jointly  calculated  where  an  increase  in  values  of  either  measure  was  con- 
strued as  an  increase  in  separability 

The  definitions  of  the  divergence  J(Cj,C2)  and  the  pairwise  correct 
classification  accuracy  PCCA(Cj,C2)  between  the  two  statistical  classes 
and  C2  are  as  follows; 

J(Ci,C2)  - - Sj]  [syl  ■ Sj-1]] 

* >>[Mj  - [Sj-l  • syl]  [Mj  - 
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where  Mj^,  Sj^  are  the  mean  vector  and  covariance  matrix  of  , and 
M2,  $2  are  those  for  C2  , tr  stands  for  the  trace  operation  on  matrices, 
and  T stands  for  the  transpose  operation  on  matrices. 

PCCA(Cj,C2)  - >sPCC(Cj)  ♦ >iPCC(C2) 

where  PCC(Cj)  and  PCC(C2)  are  obtained  by  a two-class  classification 
between  and  C2  , and  where 

PCCfC  1 

'■  I-*  = (number  of  pixels  of  Cj  correctly  classified  as  from  C^) 

T (number  of  pixels  of  Cj^) 
and  PCC(C^)  is  defined  similarly. 


When  more  than  two  classes  are  involved  in  classification,  the  overall 
average  pairwise  correct  classification  can  be  calculated  as  the  average 
of  the  n(n-l)/2  pairwise  measures,  obtained  from  n(n-l)/2  possible  pairs 
from  the  n classes  (n>2). 


4.0  ANALYSIS  OF  DATA  PROCESSING  RESULTS 


All  the  data  processing  was  performed  at  the  Johnson  Space  Center, 
NASA,  and  on  the  Earth  Resources  Interactive  Processing  System  (ERIPS) 
which  is  an  interactive  computer  system  developed  at  the  center  for  remote 
sensing  applications.  This  system  has  the  capability  of  training  field 
classification  analysis  as  described  in  section  3.0.  However,  in  this 
application  on  ERIPS,  the  transformed  divergence  J'  was  used  instead  of 
the  divergence  J defined  in  section  3.2,  where  J’=999  (l-exp(-J/16))  . 

J'  and  J are  equivalent  (Swain,  1973);  any  conclusion  drawn  from  J' 
computations  applies  to  J computations  and  vice  versa.  Without  further 
complication,  the  following  sections  will  abuse  the  notation,  using  J to 
denote  the  transformed  div»jrgence  and  using  divergence  to  mean  transformed 
divergence . 


4.1  Spectral  Signature  Plots 


Before  presenting  the  quantitative  separability  results  in  the  next 
three  sections,  a most  effective  qualitative  analysis  could  be  made  by 
plotting  the  spectral  signatures  of  all  the  forest  features.  A spectral 
signature  plot  means  the  graph  of  the  statistical  mean  data  values 
versus  spectral  channel.  The  mean  values  ’ere  obtained  from  analyzing 
training  fields. 
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Figure  4 is  such  a plot  for  all  the  10  level  V (the  most  detailed 
level)  forest  features.  Four  groups  of  features  seem  readily  distinguish- 
able and  are  thus  presented  in  the  figure:  (1)  regeneration,  nonstocked; 

(2)  regeneration,  seedling  and  sapling;  (3)  hardwood,  immature  sawtimber; 
and  (4)  softwood  and  mixed  softwood -hardwood,  comprising  loblolly  and 
shortleaf,  sawtimber  and  poletimber,  mature  and  immature  (table  I). 

In  qualitative  terms,  then,  only  level  II  forest  features  can  be  dis- 
tinguished from  one  another,  except  for  the  mixed  softwood -hardwood  feature 
in  this  level.  The  more  detailed  detection  levels  in  levels  III,  IV,  and 
V seem  too  much  to  ask  of  the  LANDSAT-1  MSS  sensor.  Additionally,  temporal 
channels  6 and  11  show  widest  spread  of  data  values  in  the  above  mentioned 
four  groups  of  signatures,  indicating  that  these  two  channels  would  likely 
be  the  best  two  channels  for  discrimination  of  level  II  forest  features 
(except  for  the  mixed  feature).  Determination  of  the  truly  best  channels 
involves  consideration  of  the  spread  of  data  values  about  the  mean  value  of 
all  the  features.  Figure  4 does  not  indicate  this  kind  of  statistical 
variation,  and  only  an  analysis  as  in  section  4.3  will  give  the  most  defini- 
tive answers. 

These  signatures  were  analyzed  from  a total  of  25  training  fields  of 
the  10  level  V forest  features. 


4.2  Pairwise  Separability  of  Forest  Features 


The  25  level  V training  fields  selected  earlier  were  aggregated  into 
10  level  V training  classes,  seven  level  IV  training  classes,  five  level  III 
training  classes,  and  four  level  II  training  classes.  Each  "training  class" 
at  any  hierarchy  level  is  taken  as  representative  of  the  forest  feature 
regarding  spectral  characteristics.  Pairs  of  classes  at  all  levels  were 
classified  one  pair  at  one  time,  to  obtain  the  pairwise  correct  classifica- 
tion accuracies  (PCCA) . 

Figure  5 shows  in  bar-charts  the  PCCA  versus  feature  pairs  for  level 
II,  III,  and  the  special  level  of  general  age  classes  displayed  in  sets  of 
four  bars:  (1)  best  two  channels  of  temporal  data,  (2)  best  two  channels 

of  November  data,  (3)  best  two  channels  of  February  data,  and  (4)  best 
two  channels  of  May  data.  The  best  channel  sets  were  taken  from  results 
of  section  4.3.  Levels  IV  and  V PCCA's  are  not  presented  in  this  paper 
but  are  available  from  Dillman  and  Kan  (1975).  PCCA  between  the  softwood 
features  of  levels  IV  and  V are  generally  between  50  and  60  percent,  and 
those  plots  do  not  offer  additional  conclusions  on  the  separability  between 
those  features.  Plots  of  PCCA's  for  other  channel  set  sizes  are  also 
available  from  Dillman  and  Kan  (1975),  and  they  show  similar  trends  as  in 
figure  5. 

Level  II  PCCA's  are  high  (from  87  to  99  percent)  for  all  feature  pairs 
at  the  best  choice  of  data  set  (i.e.,  seasons  or  combinations  of  seasons) 
for  channel  set  size  of  2,  except  that  softwood  can  only  be  separated  from 
mixed  softwood-hardwood  with  less  than  80  percent.  The  lower  PCCA  between 
softwood  and  mixed  softwood-hardwood  is  cc.istrued  to  be  due  to  the  defini- 
tion of  the  two  features  (cf.  section  2.2).  Level  III  PCCA's  are  basically 
as  high  as  level  II  PCCA's  for  softwood  versus  hardwood  versus  regeneration. 
Within  the  softwood  and  between  softwood  and  mixed  softwood-hardwood,  PCCA's 
are  as  low  as  61  percent. 
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The  plot  of  figure  5(b)  for  the  special  level  of  general  (softwood) 
age  classes  shows  that  separation  between  sawtimber  and  poletimber  is  poor 
(from  56  to  71  percent)  where  sawtimber  versus  regeneration  or  poletimber 
versus  regeneration  has  PCCA  above  95  percent.  In  other  words,  using 
LANDSAT-1  MSS  sensor,  the  only  significantly  detectable  age  difference  is 
between  an  established  forest  versus  a young  (or  denuded)  forest,  i.e., 
regeneration. 

The  general  trend  of  best  season  or  combination  of  seasons  is  also 
discernible  in  figure  5;  however,  such  conclusions  are  deferred  to  section 
4.3,  where  additional  divergence  calculations  and  analysis  are  made. 


4.3  Best  Spectral  Bands  and  Seasons 


Using  the  training  class  statistics,  the  best  channels  from  the 
temporal  data  set  and  the  three  individual  season  data  sets  were  found  for 
channel  set  sizes  of  1,  2,  3,  and  4.  The  prioritizing  of  channels  was 
performed  by  ordering  the  magnitude  of  average  divergence  values  between 
the  training  classes  and  was  done  for  all  levels  of  hierarchy.  Table  III 
tabulates  that  information. 

From  table  III,  it  is  apparent  that  the  temporal  data  set  (winter, 
early  and  late  spring)  offers  the  biggest  overall  average  separability 
between  all  forest  features  at  all  hierarchy  levels  and  at  all  channel  set 
sizes  (from  1 to  4 channels).  The  rating  for  individual  seasons  shows  that 
February  (phenological  early  spring)  and  May  (phenological  late  spring) 
are  better  months  than  November  (phenologically  winter)  for  remotely  sensing 
forest  features  in  the  Southeastern  U.S.  In  particular,  the  red  and  near 
infrared  channels  of  February  and  May  data  are  good  channels  — channels  6 
and  10  (sometimes  11  instead  of  10)  of  the  temnoral  data  set. 

Also,  the  average  separability  is  shown  to  be  lower  at  higher  hierarchy 
levels,  i.e.,  at  higher  details. 


4.4  Classification  Accuracy  Versus  Channel  Set  Size 


Overall  classification  accuracies  were  also  obtained  when  all  classes 
were  classified  at  the  same  time  (in  contrast  with  the  pairwise  cross-class 
classification  described  in  section  4.2).  Accuracies  were  obtained  for  all 
hierarchy  levels,  data  sets,  training  fields,  and  a total  of  24  test  fields 
which  were  randomly  distributed  in  the  study  site  (Dillman  and  Kan,  1975), 
Only  the  test  field  overall  classification  accuracies  are  displayed  in 
figure  6 versus  the  channel  set  sizes  of  1,  2,  3,  and  4 for  the  temporal 
and  February  data  sets.  Curves  for  May  and  November  data  sets  are  similar 
and  lower  than  the  February  curves. 

Increase  in  channel  set  size  normally  improves  classification  accuracy 
but  it  was  found  that  the  two  best  channels  performed  almost  as  well  as 
three  or  four  best  channels.  Thus  the  temporal  data  set  proved  superior 
to  the  other  season  data  sets  in  classification  accuracy  and  separability. 
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Apart  from  the  above  quantitative  results,  the  entire  study  site  was 
also  classified  and  displayed  in  figure  7 for  visual  comparison  with  the 
unclassified  MSS  imagery  of  figure  3.  The  classification  was  performed  on 
the  temporal  data  set,  using  the  best  four  channels  (6,  8,  10,  and  11) 
with  the  four  level  II  forest  features. 


5.0  CONCLUSION 


This  computer-aided  study  has  investigated  quantitatively  the  spectral 
separability  of  timber  types  in  Sam  Houston  National  Forest  of  Texas,  which 
is  a typical  forest  in  Southeastern  United  States,  using  LANDSAT-1  multi- 
spectral  scanner  data.  Five  hierarchy  levels  of  mapping  detail  plus  one 
level  or  general  (softwood)  age  class  were  studied  of  three  sets  of  data  at 
winter,  early  and  late  spring.  Also  the  temporal  composite  of  those  three 
data  sets  was  studied.  Seven  conclusions  are  summarized  as  follows: 

• The  LANDSAT  multispectral  scanner  sensor  could  be  effectively  used 
to  separate  the  forest  features  of  softwood,  hardwood,  and  regenera- 
tion. Pairwise  correct  classification  of  training  sets  ranges  from 
87  to  99  percent  and  average  correct  classification  for  test  fields 
ranges  from  70  to  79  percent. 

• The  only  significantly  detectable  age  difference  was  between  an 
established  forest  versus  a young  (or  denuded)  forest,  i.e., 
regeneration.  This  conclusion  was  drawn  from  experience  on  soft- 
wood forests. 

• The  red  (band  2:  0.6-0. 7 micron)  and  one  near  infrared  channel 

(band  3:  0.7-0. 8 micron  or  band  4:  0. 8-1.1  microns)  of  any  of 

the  three  seasons  (winter,  early  and  late  spring)  would  be  better 
for  discrimination. 

• Phonological  early  and  late  spring  could  be  equally  good  seasons 
for  discrimination  and  would  be  better  than  the  winter  season. 
(Summer  and  autumn  data  were  not  available  for  analysis.) 

• A temporal  analysis  using  early  and  late  spring  LANDSAT  data  could 
improve  classification  accuracy  up  to  11  percent  over  single-season 
analysis . 

• Analysis  using  the  two  best  channels  would  perform  almost  as  well 
as  the  four  best  channels  for  single-season  or  temporal  analysis; 
hence,  a two-channel  analysis  could  be  more  cost-effective. 

• It  would  be  difficult  to  discriminate  the  forest  features  of  mixed 

so ftwood - hardwood  from  the  softwood  feature  by  virtue  of  the 
definition  of  the  two  features:  (1)  softwood  stand  contains  more 

than  50  percent  softwood  and  (2)  a mixed  softwood -hardwood  stand 
contains  between  25  and  50  percent  softwood. 

It  is  observed  that  the  capability  of  LAN'DSAT-1  is  limited  by  many 
factors,  including  altitude,  sensor  design,  and  spatial  data  resolution. 

The  last  factor,  in  particular,  will  influence  the  level  of  mapping  detail. 

A comprehensive  study  on  forest  classification  and  modeling  has  been 
reported  by  Kan  et  al.  (1975). 
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SPECTRAL  CHANNEL  COVERAGE  OF  TEMPORAL 
DATA  FOR  ANALYSIS  OF  THE  CONROE  UNIT 
OF  SAM  HOUSTON  NATIONAL  FOREST 
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Figure  1.  - Location  of  Sam  Houston  National  Forest  (shaded  area) 
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SCHEMATIC  FLOW  DIAGRAM  OF 
TIMBER  TYPE  SEPARABILITY  ANALYSIS 


lANOSAT-1 
MSS  DATA 
(NOV,  FEB,  MAY) 


TEST  FIELD 
LOCATION 


Figure  2 
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RAVEN  DISTRICT  OF  SAM  HOUSTON  NATIONAL  FOREST, 
LANDSAT  - 1 IMAGE  BAND  2,  .6  - .7  fim, 
FEBRUARY25,1973 

(CONROE  UNIT,  STUDY  SITE  OUTLINED) 
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LANDSAT,  SPECTRAL  SIGNATURE  MEAN 
PLOT  FOR  LEVEL  S TRAINING  FIELDS 
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Figure  5(a) 
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AVERAGE  PAIRWISE  CORRECT  CLASSIFICATION 
ACCURACIES  OF  SAM  HOUSTON  NATIONAL  FOREST 
TRAINING  FIELDS  FOR  THREE  LEVELS  OF  HIERARCHY, 
USING  BEST  2 CHANNELS  FOR  4 DATA  SETS: 

(b)  LEVEL  OF  GENERAL  AGE  CLASSES 
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Figure  5(c) 


NASA  $ 75  I09A9 


cn 

as 


AVERAGE  CORRECT  CLASSIFICATION  ACCURACIES 
FOR  SAM  HOUSTON  NATIONAL  FOREST  TEST  FIELDS 
USING  LANDSAT  CHANNEL  SETS  OF  SIZE  4,  3,  2,  1 
FOR  SELECTED  LEVELS  OF  HIERARCHY  AND  DATES 


AVERAGE 
CORRECT 
CLASSIFICATION 
ACCURACIES  OF 
TEST  FIELDS  (%) 


Figure  6 


NASA  S Ti  I09A2 


LiViL  1 CLASSIFICATION  OF  CONROE  STUDY  SITE 
USING  FOUR  CHANNELS 
6,  8,  10,  11  TEMPORAL  DATA 


GiAY 


WHITf  SOFTWOOD 
LIGHT  iiGSNfSATION 

MID  MiXfD  SOFTWOOD/ 
HAIOWOOD 
DARK  HARDWOOD 
•LACK  UNCLASSIFISO 

N 


Figure  7 


MAPPING  OF  THE  WILDLAND  FUEL  CHARACTERISTICS  OF  THE  A- 12 

SANTA  MONICA  MOUNTAINS  OF  SOUTHERN  CALIFORNU 

By  J.  D.  Nichols*  University  ot  California,  Berkeley,  California 

■ ^ 

ABSTRACT  N76-17480 

LANDSAT  digital  MSS  data  was  successfully  used  to  map  and  evaluate  the  wildland  fuels  of  the 
Santa  Monica  Mountains  in  Southern  California.  A mixed  classification  scheme  was  used  where 
training  areas  of  known  vegetation  types  were  entered  and  the  maximum  likelihood  classifier  run, 
f o llowed  by  an  evaluation  of  the  results  and  an  unsupervised  retraining  of  the  classifier  using  an 
image  of  the  probability  of  misclassification. 

Estimation  of  maturity  class  and  crown  closure  percents  of  the  major  cover  types  were 
assigned  to  each  computer  class  by  associating  the  photo  interpretation  of  159  large  scale  photo 
samples  with  the  resultant  computer  classes  using  analysis  of  variance  and  analysis  of  categorized 
data.  The  result  of  the  computer  classification  and  statistical  analysis  were  then  transformed  from 
the  LANDSAT  Coordinate  California  State  Plane  Coordinate  system  for  use  in  a digital  format  in  the 
FIRESCOPE  data  retrieval  and  fire  modeling  system. 


OBJECTIVE 

The  primary  objective  of  this  FIRESCOPE  funded  s' ady  was  to  determine  the  potential  of 
LANDSAT  digital  multispectral  scanner  data  for  meeting  the  requirements  for  identification  and  map- 
ping of  surface  characteristics  necessary  for  forest  fire  management  in  the  Santa  Monica  mmmtain 
areas  in  Southern  California.  This  required  a determination  of  the  adequacy  of  the  spectral,  spa- 
tial and  multi -date  capabilities  of  the  LANDSAT  MSS  scanner,  and  the  investigation  of  an  integrated 
LANDSAT,  photographic  and  ground  data  collection  system  for  use  in  the  operational  mapping  of  wild- 
land fuels.  The  major  factor  to  be  determined  in  the  study  was  the  usefulness  of  LANDSAT-derived 
data  as  an  input  to  the  information  system  being  developed  under  project  FIRESCOPE,^  A second- 
ary objective  was  to  devise  an  operational  procedure  for  the  mapping  of  wildland  fuels. 


APPROACH 

Supsrvlsed  computer  classification  of  LANDSAT  digital  multispectral  scanner  data  was  done 
using  initial  training  from  28  areas  selected  from  LANDSAT  photographic  products,  high  flight  photo- 
graphy and  large  scale  photography  (See  Table  I ),  Retraining  of  areas  with  a low  probability  of 
correct  classification  was  accomplished  through  use  of  the  classification  results  and  an  image  of  a 
histogram  of  the  probability  of  correct  classification.  The  results  were  verified  by  precisely 
locating  large  scale  photographs  in  the  LANDSAT  classification  "esults  and  comparing  LANDSAT 


* Former  Director  of  the  Remote  Sensing  Research  Program;  currently  Head  of  Earth  Resources 
Technology  Applications,  Electromagnetic  Systems  Labs.,  ESL  Incorporated,  Simnyvale,  CA. 

^ FIRESCOPE:  An  interagency  program  to  apply  advanced  lechnol<^  to  the  wildfire  suppression 
problem  in  Southern  California.  The  study  was  funded  and  administered  by  the  USFS's  Pacific 
Southwest  Forest  and  Range  Experiment,  Riverside  Fire  Laboratory. 
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clasiea  with  the  vegetation  fuel  types  Identified  oa  the  large  scale  photos.  The  LANDSAT  results  were 
then  mapped  to  the  fire  model  coordinate  system  throu^  the  use  of  common  control  points  In  the 
LANDSAT  Imagery  and  in  the  ground  coordinate  system.  The  transformation  was  obtained  using  least 
square  estimation  procedures. 


TABLE  1. 


Class  Name 

Symbol 

Description 

1. 

URNE 

. 

Urban 

2. 

URN 

• 

Urban 

3. 

BR.-4 

- 

Predominantly  immature  brush  with  patches  of 
mature  brush 

4. 

GRBl 

/ 

Barren  land  with  some  grass  as  soclated  with 
urban  development 

6. 

GRB2 

( 

Barren  land  associated  with  neu  housing 

6. 

BR-SWS 

] 

Predominantly  mature  brush,  patches  of  immature 
brush.  fo\md  on  Southwest  slopes 

7. 

BR-5 

f.t 

Immature  brush  with  grass  undci  story  - 50% 
crown  closure  of  brush 

8. 

GRC 

Barren  land  associated  with  new  housing, 
very  sparse  grass  cover 

9. 

BR-NE 

= 

Mature  brush  found  on  northeastern  slopes 

10, 

OPEN2A 

I 

Grass  with  riparian  vegetation  (wiL'ow) 

11. 

0 

Open  grassland 

12. 

BR-1-25 

8 

Mature  brush  mixed  with  live  oak  of  30-50%  crown  cover 

13. 

OPEN-1 

X 

Oak  grassland  with  40-60%  crown  closure  of  oak 

14, 

OPEN-3 

w 

Oak  grasslatxi  with  20-40%  crown  closure  of  oak 

15, 

OPEN-4 

4 

Grassland 

16, 

BR-1-19 

? 

Mature  brush  mixed  with  live  oak; 
average  50%  crown  closure 

17, 

UR-5 

Training  from  developed  area  but  class  is  basically 
mature  brush  similar  to  class  ^16 

18. 

BURNER 

V 

Immature  brush  wich  some  mature  patches  - 
grass  undersvory  present 

19. 

B,  S,  -1 

t 

Barren  area  - no  grass 

20. 

URN  2A 

< 

Developed  area  with  no  vegetation 

21. 

URN2B 

2 

Developed  area  with  no  vegetation 

22. 

URDIB 

-r 

Developed  area  with  no  vegetation 

23. 

BR,  -1 

i 

• 1 

Mature  brush  with  sparse  live  oak 

24, 

URD 

H 

Urban  development 
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TABLE  I.  " Continued. 


Class  Name 

Symbol 

Description 

26. 

OCEAN 

J 

Water  - fresh  and  ocean 

26. 

UR-B 

G 

Urban 

27. 

SAND 

9 

Beach  sand 

28. 

NEWHO 

7 

New  Housing  (Barron  land) 

29. 

OPEN6 

A 

Oak  grassland 

30. 

OPEN7 

B 

Oak  grassland 

The  final  classes  selected  for  the  supervised  classification  are  shown  here. 
The  columns  represent  the  computer  class  number,  class  name,  class 
s3mibol  and  a general  class  descripition.  The  description  is  a result  of  the 
correlation  of  interpretation  of  Urge  scale  photos  (1:1000  color)  and  high 
flight  photo  (L‘3Q|P00  color  infrared)  with  discriminant  analysis  classes. 


PROCESSING  STEPS  USED  IN  THE  J IK^RIMINANT  ANALYSIS  AND 
MAPPING  OF  WILDLAND  FUELS  IN  THE  SANTA  MONICA  MOUNTAINS 

The  following  individual  steps  were  used  in  the  extraction,  discriminant  analysis,  verifica- 
tion and  mapping  of  the  wildland  fuels  of  the  Santa  Monica  Mountains. 

1.  The  LANDSAT  multispectral  scantier  computer  compatible  tapes  were  reformatted 
to  make  them  compatible  with  the  local  automatic  data  processing  system. 

2.  The  area  of  interest  was  then  extracted  from  the  reformatted  tapes  and  placed 
on  a separate  tape  to  reduce  the  cost  of  further  processing. 

3.  Due  to  the  improper  calibration  between  the  individual  sensors  in  each  of  the 
four  bands,  the  tapes  were  recalibrated  to  minimize  errors  from  this  source. 

4.  Large  scale  stereo  pairs  were  acquired  at  approximately  1/8  mile  interv:?Ij 
over  11  flight  lines  distributed  throughout  the  Santa  Monica  Moimtains.  'he 
photos  were  at  an  average  scale  of  1:1000  with  simultaneous  medium  scale 
photos  acquired  to  aid  In  the  interpretation  and  location  of  the  large  scale 
photo  pairs. 

5.  The  large  scale  and  medium  scale  photos  were  annotated,  mounted,  and  interpreted 
to  determine  crown  cover,  species  composition,  and  general  vegetation  condition. 

6.  Tiiro'jgh  use  of  the  large  and  medium  scale  photos,  the  X,  Y,  coordinates  of  each 
training  area  were  located  in  the  LANDSAT  computer  compatible  tapes . 

7.  Points  that  could  be  easily  located  in  the  LANDSAT  computer  compatible  tapes  were 
also  identified  and  located  on  7-1/2  minute  quadrangles.  The  tape  X,  Y,  coordinates 
and  the  corresponding  map  UTM  coordinates  of  these  control  points  were  then 
determined. 

8.  Least  squares  estimation  procedures  were  used  to  determine  the  coefficients  of  the 
transformation  equations  necessary  to  map  the  LANDSAT  data  to  the  UTM  coordinates 
to  LANDSAT  data.  This  data  base  was  also  used  to  determine  the  LA,  JDS  AT-to-LANDSAT 
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multidate  transformation  for  four  dates,  (lliis  was  part  of  another  study  to  invest!  - 
gate  die  geometi'ic  fidelity  of  the  LANDSAT  data  for  multidate  ov'  '..y.) 

9.  A LANDSAT-to-LAMDSAT  multidate  tape  was  made  and  training  areas  extracted  to 
determine  the  •'ulue  of  multidate  imagery  in  the  fuel  maMning  process. 

10.  From  the  four  dates  availalde  for  computer  processing,  the  <^tiraum  date  was 
selected.  This  selecticn  was  eased  on  die  uniformity  of  illumination,  vegetation 
condition,  atmospheric  conditi<»s.  and  quality  of  the  digital  tape  data. 

11.  The  raw  data  obtained  from  the  trainii^  areas  were  processed  in  the  statistical 
rouUne  o'  the  discriminant  analysis  package  to  determine  die  uniqueness  of  the 
varimu  classes  and  to  allocate  further  training  of  die  classifier  as  needed. 

?.2.  The  LT'M  coordinates  of  each  of  die  large  scale  photo  [dots  were  obtained  by  first 

locating  [dets  on  7-1/2  minute  quadran^es  and  dien  measuring  dieir  UTM  coordi- 
nates. The  LANDSAT  coordinates  of  each  of  these  pheto  plots  were  then  computed 
using  the  UTM  to-L/NDS AT  transform. 

13.  The  existing  fuel  classification,  as  completed  by  manual  photo  interpretation,  was 
compared  with  dni  interpretation  of  the  large  scale  photographs  to  detevirine  the 
relatioosliip  between  dw.  two  fuel  classification  procedures. 

14.  The  'maximum  likelihood"  classifier  wr«  run  repeatedly  until  an  adequate  separa- 
liun  of  the  Vf^rtous  vegetation  typss  a as  obtained.  The  discriminant  analysis  results 
and  probability  map  were  used  bi  combiiv'ttiou  to  locate  areas  where  new  training 
was  ttcedad  acd  determine  the  exact  X,  Y,  coordinates  of  these  new  training  areas. 

13.  The  discriminant  analysis  results  werv  then  run  through  die  reclassification  pro- 
gram. In  tins  step  each  picturo  element  was  reclassified  to  die  class  that  occupied 
the  most  points  in  the  ei^it  points  surrounding  the  picture  element  beirig  reclassi- 
fied plus  die  central  picture  element.  This  procedure  produced  a map  similar  to 
the  map  produced  bj'  a photo  interpr^er  when  the  interpreter  is  restricted  to  a 1C - 
acre  maigjtng  minimum. 

16.  The  LANDSAT  coordinates  of  tne  photo  plots  were  used  to  obtuin  the  raw  L^ WDS AT 
classification  and  the  reclassification  re<iults  of  each  of  the  photo  plots.  The  rela- 
tionship between  the  LANDSAT  classification  results  arid  the  photo  interpreted  results 
for  the  large  number  of  large  scale  photos  was  then  determined. 

17.  A summary  was  made  of  the  acreages  of  the  various  fuel  classes. 

18.  A dot  count  method  was  then  used  to  dete>-mlne  the  percentage  of  trees,  brush, 
grass  and  barren  area  on  the  photo  plots  that  had  been  precisely  located  in  the 
LANDSAT  discriminant  analys’s  process.  Each  of  the  plots  was  als  assi;;ned  one  of 
the  maturity  classes,  vir;  barren,  pioneer,  imi  latire  or  mabure. 

19.  Four  one-way  analyses  of  variance  runs  were  made  lo  determine  whether  the  dis- 
criminant aiialysis  res’ilts  explained  the  differences  in  tree  cover,  brush  cover, 
grassy  areas  and  bare  coils.  The  procedure  also  ranked  esch  of  the  discrindnant 
analysis  classes  by  the  percent  t.roes.  brush,  grass  and  bare  soil  {See  Table  II). 

•?0.  Several  high  resolution  color  coded  maps  were  then  made  using  the  optical  mechani- 
cal image  reprcducer,  'iTie  colors  represented  sreh  factors  as  matur«ty,  density, 
jtnd  cover  type. 

The  major  product  of  this  study  is  a discriminant  analysi.s  of  veget  ition  for  the  Santa  Monica 
M'VAotains.  From  this  basic  proiluct  a transformed  image  is  "oduced  that  fits  the  ground  courdi- 
na  5 cm  used  in  the  firv  modeling,  A hard  copy  map  pr  raaot  will  be  genex-ated  from  the  trans- 
form results  and  summary  stafistics  thereby  providing  ieforraation  on  acreage  by  fuel  type. 
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TABLE  n 


CLASS 

NUMBER 

% TREES 

% BRUSH 

% GRASS 

% BARESCflL 

12 

86.9 

9.5 

2.2 

1.4 

23 

67.2 

24.7 

8.5 

1.0 

9 

55.9 

35.1 

5.7 

2.1 

15 

55.9 

34.4 

6.3 

3.2 

17 

52.3 

47.6 

0.0 

0.0 

6 

47.8 

40.0 

8.9 

3.2 

13 

41.2 

21.0 

28.9 

7.9 

3C 

30.0 

11.9 

18.2 

5.0 

3 

29.9 

37.4 

24.3 

9.5 

18 

24.1 

45.0 

21.4 

8.7 

14 

21.0 

20.1 

56.3 

2.0 

15 

19.3 

28.5 

42.6 

10.6 

7 

1 

17.0 

50.4 

27.0 

5.6 

AVERAGE 
PERCENTAGE 
COVER  45. 3 

34.7 

15.3 

4.8 

This  table  gives  the  percent  composition  of  trees,  brush,  grass  and  bare  soil  for 
each  of  the  discriminant  analysis  classes  for  which  photo  plots  were  obtained.  The 
estimates  of  the  percentage  cover  are  based  on  a least  squa'^es  procedure.  Each 
of  the  large  scale  photo  plots  was  assigned  to  the  computer  class  for  that  ground 
location  The  average  percent  cover  for  each  computer  class  was  then  computed 
for  each  of  the  four  cover  types. 


EVALUATION  OF  CLASSIFICATION  ACCURACY 

Three  major  comparisons  were  made  in  evaluating  results  of  discriminant  analysis  and 
comparing  those  results  with  the  results  of  existing  vegetation  mapping  for  fuel  type.  First,  the 
percentage  correct  classiHcatton  within  each  of  the  training  fields  was  computed  as  a normal  pro- 
duct of  the  classifier  (See  Table  HI).  The  percentage  correct  b*.  common  subclasses  aiso  was 
computed  foi  the  matiuv;  brush,  immature  brush  pioneer,  grassland  as.^  urban  categories.  The 
percentage  correct  as  delermined  wlthir  these  t^tiining  Helds  only,  did  not  provide  a rigorous  evalu- 
ation of  the  classifier  for  tV  j>itire  study  area.  Therefor^,  the  large  scale  flight  lines  were  flown 
and.  the  phe^o  plots  precisely  located  in  th«  nis'-riminant  analysis  i-csults.  The  computer  classifica- 
tion resUts,  as  applied  to  each  of  the  p separated  the  photo  plots  according  to  the  classifica- 

tion results  and  p.<'ovided  an  independent  ctH-wK  of  the  classificatloq  accuracy  and  consistency  for  the 
entire  study  area. 
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TABLE  m.  SUMMARY  OF  STATISTICS  OBTAINED  IN  CLASSIFYING  LANDSAT  DATA. 


Class 

No. 

Class 

Name 

Class 

Symbol 

Mean  for  Training  Area 

Percent  Correct 
Within  TralDlDg 
Area 

Classification 

500- 
600nm 
Ch  1 

600- 
700nm 
Ch  2 

700- 
80(mm 
Ch  3 

800- 
llOOnm 
Ch  4 

— 

Class 

Reel. 

No,  of 
Pixels 

%of 

Total 

Acres 

1 

URNE 

40.  37 

39,47 

48,21 

23.16 

95 

100 

4407 

2.39 

4803.6 

2 

URN 

* 

39.24 

35.88 

43.40 

20. 36 

68 

100 

11242 

6,09 

12253. 8 

3 

BR.-4 

- 

36,17 

35,17 

39. 50 

18.17 

100 

100 

14470 

7.84 

15772.3 

4 

GRBl 

/ 

/ 

47.83 

52,67 

49,67 

20.67 

100 

67 

384 

0.21 

418.6 

3 

GRB2 

( 

47,33 

55.  50 

56.17 

25.67 

100 

67 

1073 

0.58 

1169.6 

6 

BR-SWS 

] 

31.40 

26,60 

33,30 

16,60 

100 

100 

12067 

6,83 

13741.6 

7 

BR-5 

=: 

32,  00 

28,87 

30.12 

14.87 

88 

88 

6027 

2,73 

5479,4 

8 

GRC 

* 

50,73 

56,82 

55,18 

24.64 

91 

91 

5013 

2.72 

5464.2 

9 

br-i:e 

= 

30, 16 

25,16 

36.32 

19. 16 

68 

95 

25994 

14.09 

28333,5 

10 

OPEN2A 

I 

40,  75 

48,50 

51.75 

25.00 

88 

88 

1816 

0.  98 

1979,4 

11 

OPEN2B 

0 

37.40 

43.90 

46.40 

22.60 

70 

90 

4832 

2.62 

5266.9 

12 

BR-1-25 

8 

27,67 

22.56 

32.44 

17,44 

100 

100 

4988 

2,70 

5436.9 

13 

OPEN-1 

X 

37.78 

39.78 

44.22 

21,67 

56 

56 

5051 

2.74 

5505.6 

14 

OPEN-3 

w 

36.69 

39,94 

42, 56 

21.12 

69 

75 

5822 

3.16 

6346.0 

15 

OPEN-4 

4 

40. 14 

46,02 

47.71 

23.21 

48 

81 

14173 

7.68 

15448.6 

16 

BR-1-19 

? 

28.94 

25,74 

32,37 

17.20 

80 

100 

14892 

8.07 

16232. 3 

17 

UR-5 

- 

29.  25 

24.50 

31.25 

16,25 

100 

75 

1882 

1.02 

2051.4 

TABLE  m 


Contiaued. 


Class 

No. 

Class 

Name 

Mean  for  Training  Area 

Percent  Correct 
Within  Training 
Area 

Claeeification 

500- 
600nm 
Ch  1 

600- 
700tim 
Ch  2 

Bj 

800- 
llOOrnn 
Ch  4 

Claae 

Reel. 

No.  of 
Pixels 

%of 

Total 

Acres 

18 

BURNEH 

V 

32.40 

30.40 

31.65 

15,25 

60 

100 

13572 

7,36 

14793. 5 

19 

B.  S.  -1 

t 

50,67 

56,92 

55.33 

23.00 

58 

75 

1232 

0,67 

1342.9 

20 

URN2A 

< 

69. 67 

68.00 

67,83 

31.00 

100 

100 

512 

0.28 

658,1 

21 

URN2B 

58,75 

54.75 

58.  50 

26.00 

100 

25 

138 

0,07 

150.4 

22 

URDIB 

— 

83.50 

85,37 

82.50 

35.  00 

100 

100 

235 

0.13 

256.1 

24 

BR, -1 

1 

28.34 

42.08 

28.48 

14.  28 

72 

92 

11366 

6.16 

12378. 0 

24 

TJRD 

H 

45.  32 

42,88 

45,60 

20. 84 

96 

100 

10656 

5. 78 

11617.3 

25 

OCEAN 

J 

30.  56 

20,  30 

13.64 

3.91 

100 

100 

53533 

— 

58351. 0 

26 

UR-8 

G 

44,  87 

41.88 

37.  87 

15.75 

100 

100 

1466 

0. 79 

1597.6 

27 

SAND 

9 

57,09 

59.91 

52,73 

21.09 

100 

100 

356 

0,19 

388.0 

28 

NEWHO 

7 

51.85 

57,42 

53.75 

22.42 

75 

75 

1673 

0.91 

1823.6 

29 

OPENS 

A 

38,50 

42.00 

45,08 

21.92 

83 

91 

2551 

1.38 

2780.6 

30 

OPEN? 

B 

37,  73 

40. 53 

43. 20 

21.27 

20 

20 

7051 

3.C2 

7685,6 

COORDINATE  TRANSFORMATION 


Three  basic  coordinate  transforms  were  needed  to  complete  this  study.  First,  to  compare 
the  statistics  from  the  multidate  aspects  of  LANDSAT,  a LANDSAT-to-LANDSAT  coordinate  transform 
was  neces^ty;'  Second,  to  locate  photo  plots  in  the  LANDSAT  tape  data,  UTM-to- LANDSAT  transfoi-^ 
mation  was  neiessery,  and 'third,  to  map  the  LANDSAT  coordinate  system  to  a ground  coordinate 
system,  LANDSAT-to-UTM  transformation  was  necessary.  Additionally , a LANDSAT-to-California 
plane  coordinate  system  transform  was  necessary  to  permit  the  data  to  be  used  in  the  fire  model. 

In  geneial,  each  coordinate  transformation  is  in  error  by  less  than  one  picture  element  for  all 
control  priints.  When  the  large  scale  photo  plots  are  located  on  the  maps  and  then  transformed  to 
the  LANDSAT  coordinates  and  the  results  of  the  discriminant  analysis  classification  observed,  it 
becomes  very  apparent  that  the  LANDSAT-to-UTM  and  UTM-to-LANDSAT  transformations  were  very 
accurate  over  the  scene.  In  all  cases  checked,  the  features  immediately  surrounding  Die 

I^oto  centers  can  . asily  seen  and  the  results  of  the  classification  verified  through  the  use  of  a 
minimal  amount  of  photo  ii^rpretatiou  of  the  large  and  medium  scale  photos. 


SUMMARY  OF  SIGNIFICANT  RESULTS 

1.  It  was  anticipated  *hat  the  computer  would  correctly  classify  85%  ± 10%  of  the  picture 
elements  within  the  computer  training  areas  The  observed  percentage  correct  was 
82. 7%.  When  training  areas  that  represented  equivalent  fuel  types  were  pooled,  the 
percentage  correct  rose  to  98. 0%. 

2.  Trees,  brush,  grass,  and  bare  soil  are  adequately  separated  by  discriminant 
analysis  of  the  LANDSaT  multispectral  scanner  data  as  evidenced  by  results  obtained 
in  attempting  to  determine  the  percentage  cover  of  each. 

3.  The  raw  (initial)  classification  results  are  more  accurate  than  the  reclassification 
results. 

4.  Tlie  four  maturity  classes  barren,  pioneer,  immature  and  mature)  are  adequately 
separated  by  the  discriminant  analysis 

5.  When  broad  and  environmentally  based  delineations  are  made,  separating  the  area 
into  relatively  homogeneous  tjrpes.  the  discriminant  analysis  procedure  appears  to 
adequately  separate  types  by  species  composition. 


The  results  of  this  study  and  other  wildland  studies  indicate  that  the  discriminant  analysis 
of  LANDSAT  data  provides  a cost-effective  base  for  sample  allocation.  This  data  base,  when  used 
to  allocate  large  photo  flight  lines,  which  in  turn  are  used  to  allocate  ground  samples,  significantly 
increases  the  precision  of  resource  estimates  over  that  obtainable  by  conventional  techniques.  The 
integrated  procedure  reduces  the  cost  of  inplace  mapping,  inventory,  and  assessment  from  2;1  to 
20:1  depending  on  the  comolexity  of  the  problem  and  the  relative  amount  of  information  obtained 
from  the  LANDSAT  discriminant  analysis. 
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COMPUTER  ANALYSIS  AND  MAPPING  OF  GYPSY  MOTH  DEFOLIATION  LEVELS  A-13 
IN  PENNSYLVANIA  USING  LANDSAT-1  DIGITAL  DATA* 

Bjy  Dari'el  L.  Williams,  NASA/Goddard  Space  Flight  Center,  Greenbelt,  Maryland 

ABSTRACT  N76-17481 

The  purpose  of  this  study  was  to  investigate  tk*--  effectiveness  of  using  LANDSAT-1  multispectral 
digital  data  and  imagery,  supplemented  by  ground  truth  and  aerial  photography,  as  a new  method  of 
surveying  gypsy  moth  (Porthetrla  dispar  (L. ))  (Lepldoptera;  Lymantrildae)  defoiiatioa,  which  has 
greatly  increased  in  Pennsylvania  in  recent  years.  Since  the  acreage  and  severity  of  gypsy  moth  de- 
foliation reaches  a peak  from  mid-June  through  the  first  few  daysof  July,  the  July  8,  1973,  LANDSAT-1 
scene  was  chosen  for  analysis.  Results  indicate  that  LANDSAT-1  data  can  be  used  to  discriminate  be- 
tween defoliated  and  healthy  vegetation  in  Pennsylvania  and  that  digital  processing  methods  can  be  used 
to  map  the  extent  and  degree  of  ^foliation. 

INTRODUCTION 

Emlemic  populations  of  defoliating  insects  are  common  in  forests,  but  seldom  cause  noticeable 
damage.  Although  there  are  many  defoliating  insects  from  various  orders,  insects  of  the  order  Lep- 
idoptera  generally  account  for  most  defoliations.^'  ^ If  these  insect  populations  explode,  serious  dam- 
age may  result.  For  instance,  heavy  defoliatior  affects  stream  flow,  reduces  wildlife  habitat,  in- 
creases fire  and  erosion  hazards,  increases  tee  susceptibility  of  forest  vegetation  to  other  insects  or 
disease,  reduces  tree  growth,  and  Increases  tree  mortality.  In  addition,  defoliation,  and  the  presence 
of  the  insects,  create  an  aesthetically  unattractive  appearance  at  a time  of  tee  year  when  tourism  is 
at  its  peak,  resulting  in  significant  reductions  in  the  value  of  public  and  private  recreational  lands  and 
financial  loss  to  the  tourist  industries.  Where  heavy  mortality  on  commercial  forest  land  occurs, 
large-scale  salvage  operations  seem  to  offer  tee  best  means  of  reducing  financial  loss.  However,  siib- 
stantial  losses  are  incurred,  and  plans  for  maintaining  a continuous  flow  of  timber  products  are  dis- 
rupted, whenever  immature  stands  are  harvested. 

One  such  insect,  tee  gypsy  moth  (Porthetrla  dlspar  (L. ))  (Lepidoptera:  Lj^antriidae),  has  in- 
creased and  spread  in  epidemic  proportions  throughout  much  of  the  mixed  woodlands  of  eastern  and 
central  Pennsylvania  in  recent  years.  The  alarming  rate  of  increase  may  best  be  expressed  by  noting 
teat  tee  defoliated  acreage  in  Pennsylvania  increased  by  113  percent  over  that  in  1972,  for  a total  of 
about  348,000  hectares  (860,000  acres)  in  1973.^  In  the  entire  northeastern  United  States,  the  gypsy 
mote  partially  defoliated  at  least  688, 000  hectares  (1. 7 million  acres)  of  forest  in  1973.  In  1974,  ap- 
proximately 162,000  hectares  (400,000  acres)  were  defoliated  in  Pennsylvania.  The  noticeable  reduc- 
tion in  defoliation  was  mainly  due  to  population  collapses  in  the  northeastern  counties,  but  the  areal 
extent  of  defoliation  in  central  Pennsylvania  greatly  increased. 

Considerable  research  has  been  done  in  an  attempt  to  eradicate  the  gypsy  moth,  but  the  task  of 
eradication  is  an  economic,  if  not  physical,  impossibility.  Therefore,  in  recent  years,  there  has  been 
an  increased  emphasis  directed  toward  tee  di,velopment  of  an  effective  suppression  program.  To  init- 
iate and  sustain  such  a program,  the  agencies  responsible  for  control  must  have  early,  accurate,  and 
efficient  methods  of  detection  and  mapping.  In  the  past,  many  survey  techniques  have  been  applied  to 
the  problem  of  detection,  including  groimd  surveys,  aerial  surveys,  and  photographic  or  remote  sens- 
ing surveys  with  subsequent  photointerpretation  and  mapping. 

The  oldest  technique,  tee  ground  survey,  is  used  to  obtain  such  Information  as  tee  extent  of  de- 
foliation, refoliation,  and  mortality.  Its  only  advantage  over  tee  other  types  of  surveys  is  that  b/ 


♦Research  project  2025  of  the  Pennsylvania  Agricultural  Experiment  Station.  Financial  support  furnished  by  Meintire-Stennis  fundi. 
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close  observaticm  on  the  ground  one  can  quickly  and  accurately  identify  the  tree  species  attacked.  Ms^or 
disadvantages  include  the  great  amount  of  time,  and  consequent  cost,  requiied  to  cover  large  areas, 
and  the  many  changes  which  can  occur  in  the  forest  canopy  during  the  time  required  to  carry  out  the 
survey. 

One  conunonly  used  aerial  survey  method,  known  as  sketch  mapping,  relies  on  the  extensive  use 
of  light  aircraft  with  an  observer  directly  mapping  the  extent  of  defoliation  onto  topographic  maps. 

This  method  has  the  potential  of  providing  timely  and  accurate  data  related  to  area:  extent  of  defoli- 
ation, but  the  precision  of  mai^iing  is  inherently  affected  by  the  ooserver's  knowledg'>  of  the  local  ge- 
ogr^y  and  his  ability  to  relate  tois  to  what  he  sees  from  the  air.  In  addition,  inaccuracies  may  oc- 
cur due  to  fatigue  and  air  discomfort,  changes  in  the  forest  canopy  during  the  time  required  to  complete 
the  survey  over  vast  areas,  and  differences  between  observers'  interpretations  of  the  various  defoli- 
ation categories. 

I%otographic  surveys  have  been  widely  used  in  recent  years  for  assessing  forest  defoliation  or 
mortality.  Croxton^  reported  successful  detection  and  classification  of  ash  dieback  using  color  aerial 
photograidiy.  Wert  and  Roet^ering^  described  the  use  of  aerial  color  photc^aphy  for  inveutorying 
mortality  in  Douglas -fir  (Pseudotsuga  taxlfolia)  residting  from  attacks  by  the  Douglas -fir  beetle  (Den- 
clroctonus  pseudotsugae  Hofric. ) (Coleoptera:  Scolytidae),  while  Bousfisld^  used  aerial  {diotograpby  to 
estimate  the  volume  of  thnber  losses  in  northern  Idaho  caused  the  same  insect.  Rohde  and  Moore^ 
tested  the  utilify  of  large-scale  aerial  photography  for  detecting  and  evaluating  gypsy  moth  defoliation, 
and  results  revealed  that  defoliation  was  easily  detected.  Furthermore,  they  stated  that 

. . . remote  sensing  techniques,  when  properly  used,  can  provide  . . . : (1)  timely 
data  with  respect  to  time  of  defoliation  and  subsequent  refoliatiou  and  mortality,  (2) 
synqptic  data  providing  accurate  delineation  of  areal  extent  of  damage,  (3)  permanent 
records  of  forest  composition  and  damage  for  more  detailed  studies  at  a later  date 
to  evaluate  recovery  rates,  species  composition,  tree  condition,  tree  size,  stocking, 
density,  number  of  trees  killed,  etc. , aiKi  (4)  direct  management  information  with 
respect  to  planning  effective  suppression  operations,  (p.  13) 

Many  researchers  have  found  remote  sensing  techniques  to  be  considerably  cheaper  than  previous 
survey  methods.  Wert  and  Wickman^  reported  that  the  use  of  color  photography  for  obtaining  esti- 
mates of  mortality  catised  by  the  Douglas-fir  tussock  modi  (Hemerocampa  pseudotsugata  McD. ) (Lep- 
idoptera:  Lymantriidae),  resulted  in  a 67  percent  savings  in  man-hours  when  compared  to  obtaining 
comparable  data  by  ground  cruises.  Ciesla  et  al.  reported  the  cost  of  aerial  photographic  surveys 
of  southern  pine  beetle  (D.  frontalis  (Zimm.))  to  range  from  $0.0023  to  $0.0077  p..'i  hectare  ($0.0055 
to  $0,019  per  acre),  depending  upon  the  size  of  the  area  surveyed. 

This  last  qualifying  statement,  that  cost  depends  upon  the  size  of  the  area  surveyed,  initiated  con- 
siderable interest  in  very  small-scale  (high-altitude)  aerial  photograidiy.  Heller  et  al.  stated  that 
in  general,  as  photographic  scale  decreases  and  infestation  spot  size  decreases,  photointerpretation 
accuracy  decays  accordingly.  However,  improved  methods  of  multispectral  image  processing,  both 
analos  and  digital,  have  been  devised  to  aid  the  interpreter  and  improve  accuracy.  According  > Heller 
et  al.,11 


the  potential  for  improved  processing  results  will  be  achieved  when  midtispectral 
scanners  are  available  which  provide  for  a common  field  stop  for  all  channels,  or  at 
least  a common  instantaneous  field  of  view,  in  the  visible,  near  infrared  and  thermal 
infrared  regime.  . . . The  availability  of  simultaneously  registered  data  covering 
this  entire  bandwidth  in  narrowband  increments  should  yield  large  improvements  in 
accuracy,  (p.  48) 
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On  July  23,  1972,  the  first  dedicated  earth  resources  land-use  satellite  (LANDSAT-1)  was  launched. 
The  spacecraft  carries  television  cameras  as  well  as  radiometric  scanners  to  obtain  image  data  sim- 
ilar to  that  suggested  as  necessary  by  Heller  et  al.  The  satellite  circles  the  globe  14  times  a day, 
915  kilometers  (494  miles)  above  eai^,  and  is  capable  of  sensing  the  same  spot  anywhere  in  the  world 
at  the  uame  time  of  day,  local  time,  every  18  days.  The  resulting  photographs  cover  an  area  on  the 
earth's  surface  i^proximately  189  kilometers  (115  statute  miles)  square,  with  a resolution  of  about 
80  meters  (260  feet).  Therefore,  the  satellite  affords  the  researcher  the  oi^rtunity  to  analyze  a 
sequence  of  bofii  photogriq>hic  and  multispectral  scanner  data  taken  under  uniform  lighting  conditions 
over  a given  area. 

To  analyze  and  test  the  utility  of  this  new  remote  sensing  data  source,  the  National  Aeronautics 
and  Space  Administration  (NASA)  has  contracted  with  hundreds  of  investigators  from  other  government 
agencies,  industry,  universities,  and  foreign  governments.  After  just  7 months,  the  first  "Symposium 
on  Significant  Results  Obtained  from  the  Earth  Resources  Technolc^  SatelUte-1"  was  held  to  give  the 
users  of  IA.NDSAT  data  the  opportunity  to  present  die  significant  accomplishments  of  their  investiga- 
tiotts.  Using  LANDSAT-1  Imagery  and  NASA  underfli^ts  to  detect  damage  by  the  mountain  pine  beetle 
(D.  ponderosa  ),  Hall^^  reported  that  he  could  differentiate  areas  of  heavy  damage  from  those 
with  little  or  no  damage  in  the  lodgepole  pine  type.  Anderscm  et  al.  reported  that  techniques  have 
been  implemented  using  LANDSAT-1  imagery  of  the  Cook  Inlet  Basin  to  stratify  damage  to  white  spruce 
(Plcea  glauca),  by  the  spruce  beetle  ffl.  obesus  (Mann.)),  into  three  levels— healthy,  newly  killed,  and 
old  killed.  Rohde  and  Moore^  used  LANDSAT-1  imagery  for  the  detection  of  fall  cankerworm  (Also- 
piila  pomentaria  (Harr))  (Lepidoptera:  Geometridae)  damage  in  a small  forested  area  in  Frederick 
County,  Maryland.  Using  later  LANDSAT-1  imagery,  at  or  near  the  peak  of  gypsy  moth  defoliation, 
they  found  it  possiUe  consistently  to  identify  areas  of  heavy  defoliation  and  areas  with  no  apparent  de- 
foliation. However,  consistent  detection  of  light  and  moderate  defoliation  classes  in  areas  with  no 
heavy  defoliation  was  not  demonstrated,  and  areas  of  defoliation  were  often  confused  with  areas  asso- 
ciated with  mining  activity  and  certain  agricultural  practices. 

All  of  these  investigators  used  photointerpretation  of  LANDSAT-1  images  to  detect  damage,  and 
therefore  did  not  fully  utilize  the  vast  amount  of  data  collected  by  the  four-channel  multispectral  scan- 
ner. Since  trees  sufiering  varying  degrees  of  defoliation  will  have  different  spectral  signatures  due 
to  changes  in  the  percentage  of  green  vegetation  present,  LANDSAT-1  multispecti  al  data  and  imagery, 
supplemented  by  good  ground  truth  or  aerial  i^otc^aphy,  should  allow  the  detection  of  the  various 
categories  of  defoliation:  light  (0-30%),  moderate  (30-60%),  aial  heavy  (60-100%).  It  was  the  intent 
of  this  project  to  test  the  effectiveness  of  using  an  integrated  system,  consisting  of  computer  analysis 
and  mapping,  photoinU rpretation  of  LANDSAT-1  images,  as  well  as  underflighi  photogr^qihy  and  ground 
truth,  to  detect  more  consistently  and  accurately  gJTisy  moth  defoliation  in  an  efficient  manner. 

THE  GYPSY  MOTH 

Since  its  introduction  into  the  United  States  over  100  years  ago,  there  has  developed  a considerable 
volume  of  literature  on  the  gypsy  moth.  Perhaps  the  best  overall  and  most  up  to  date  documentatic^n 
of  the  gypsy  moth  appears  in  an  aimual  volume  published  by  the  United  States  Department  of  Agricul- 
ture. The  "final  Environmental  Statement  of  the  Cooperative  Gypsy  Moth  Suppression  end  Regulatory 
Program— 1974  Acttviyes"!®  jg  the  result  of  the  combined  efforts  of  several  experts,  and  it  was  used 
as  the  main  source  of  information  in  this  section  on  tbw  gypsy  moth,  except  where  otherwise  noted. 

The  impact  of  gypsy  moth  on  trees  is  well  documented.  Information  is  available  on  tree  mortality, 
lost  growth  in  trees,  changes  in  forest  stand  composition,  and,  more  recently,  estimates  of  economic 
loss. 

Gypsy  moth  caterpillars  cause  tree  damage  by  devouring  foliage.  Thi.i  feeding  begins  shortly 
after  the  caterpillars  hatch  from  their  eggs,  generally  in  early  May  in  Pennsyl . Ciiia.  Except  where 
gypsy  moth  populations  are  unusually  large,  defoliation  is  not  noticeable  until  early  to  mid-June.  In 
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late  June  anl  early  July  the  heaviest  defoliaticm  takes  place  as  the  caterpillars  reach  lull  size.  Where 
defoliation  is  complete,  trees  may  remain  bare  as  late  as  early  August,  but  in  general,  by  mid-July 
hardwood  trees  that  had  about  60  percent  or  more  of  their  foliage  removed  begin  to  refollate.  Studies 
indicate  that  hardwoods  suffering  less  than  60  percent  loss  of  foliage  do  not  refoliate,  and  evergreens 
are  not  ct^aUe  of  refoliation. 

The  process  of  refoliation  requires  the  use  of  stored  energy,  and  after  2 years  of  defoliation  these 
food  reserves  in  the  tree  become  critical.  The  result  may  be  the  outright  death  of  the  tree,  or  a grad- 
ual decline  in  vigor,  possibly  resulting  in  death,  due  to  an  increase  in  the  tree's  susceptibility  to  at- 
tack by  organisms  or  other  environmental  extremes  that  ordinarily  do  not  harm  trees. 

In  a study  on  oak  mortality  in  Pennsylvania,  Nichols^®  found  that  a year  of  moderate  defoliation 
reduced  radial  growth  by  20  to  30  percent.  But  1 year  of  heavy  spring  defoliation  resulted  in  a 40  to 
70  percent  growth  reduction.  Later  studies  by  Mchols^'^  indicated  that  2 consecutive  years  of  60  to 
100  percent  spring  defoliation  may  kill  about  30  percent  of  the  oaks,  and  after  3 years  of  heavy  defoli- 
ation the  oak  mortality  may  be  60  percent  or  more.  Mortality  of  hardwood  trees  other  than  oak  is  ex- 
pected to  be  less  than  10  percent  of  their  total  number,  while  hemlocks  and  many  pines  and  spruces 
completely  stri{q>ed  of  their  foliage  will  die  in  1 year. 

The  rather  obvious  differences  in  tree  mortality  between  the  oaks  and  other  hardwoods,  and  be- 
tween hardwoods  and  conifers,  is  mainly  due  to  the  differences  among  varying  tree  species  to  with- 
stand attack,  and  the  differences  in  the  food  preferences  of  the  gypsy  moth  larvae,  both  young  and  old. 
For  example,  aspen,  basswood,  larch,  and  all  species  of  oak  are  among  the  tree  species  favored  by 
all  larval  stages,  while  ash,  black  locust,  poison  ivy,  sycamore,  tulip  poplar,  and  walnut  are  not  fa- 
vored by  any  larval  stages.  Other  commonly  encountered  tree  species  in  the  eastern  United  States  fall 
somewhere  in  between  these  two  extremes  as  preferred  food  of  the  gypsy  moth.  Nichols^'^  compiled 
a more  complete  list  of  the  food  preferences  of  the  gypsy  moth. 

Information  on  the  effect  of  gypsy  moth  defoliation  on  future  stand  composition  is  not  abundant, 
but  the  larvae's  preference  for  oaks  seems  to  indicate  a future  reduction  in  the  oak  component  in  most 
stands.  Some  investigators  feel  that  the  defoliation  benefits  the  red  maple  in  the  understory  due  to 
decreased  competition  for  light  and  space,  and  an  increase  in  available  nutrients  from  frass  manufac- 
tured at  the  expense  of  the  oak.  Whatever  the  long-term  effect  of  the  gypsy  moth  on  forest  stand  com- 
position may  be,  its  immediate  effect  is  a marked  reduction  in  forest  management  options— often  the 
only  option  is  to  salvage  by  clearcutting. 

!n  an  attempt  to  forecast  expected  timber  losses,  McCay  and  White^^  made  an  economic  analysis 
of  the  gypsy  moth  problem  in  commercial  forest  stands  in  the  northeast.  They  presented  methods  for 
calculating  immediate  and  future  losses  in  both  pulpwood  and  sawtimber  stands,  as  well  as  an  average 
expected  loss  for  each.  For  example,  on  the  average  the  forest  manager  can  expect  a $1. 88  loss  per 
hectare  ($4. 65  loss  per  acre)  in  a pulpwood  stand  by  the  third  year  after  1 year  of  heavy  defoliation. 

In  a sawtimber  stand,  the  Immediate  loss  per  hectare  that  may  be  expected  from  1 year  of  heavy  de- 
foliation is  $.30.  50  ($75.40  per  acre),  while  total  discounted  future  losses  may  exceed  $46. 58  per  hec- 
tare ($115. 10  per  acre).  Considering  the  munber  of  acres  infested  by  the  gypsy  moth,  and  the  fact 
that  much  of  this  area  is  commercial  forest  land,  financial  losses  will  be  sizable. 

Payne  et  al.  did  a similar  type  of  economic  analysis  but  applied  to  residential  property.  Guide- 
lines were  presented  for  detei-mining  dollar  losses  in  residential  property  values  from  tree  mortality 
caused  by  the  gypsy  moth.  However,  the  effects  on  value  from  reduced  tree  vigor  or  the  unsightly  tqi- 
pearance  of  defoliated  trees  were  not  Included.  Their  esfimates  of  the  valirc  of  residential  trees  were 
considerably  higher  than  corresponding  timber  values.  This  fact  led  to  an  overall  conclusion  that  more 
expensive  and  more  selective  control  measures  are  justified  for  gypsy  moth  control  in  residential  areas 
than  in  timber-producing  areas. 
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PROCEDURE 


Programs  provided  by  the  Office  for  Remote  Sensing  of  Earth  Resources  (ORSER)  of  the  Space 
Science  and  Engineering  Laboratory  (SSEL)  and  processed  by  an  IBM  System  370  Model  168  computer, 
both  located  at  Hie  Pennsylvania  State  University,  were  used  in  analyzing  the  LANDSAT  computer 
compatible  tapes  (CCTs).  The  programs  are  fully  described  in  a users'  manual. 

Digital  processing  of  remote  sensed  data  requires  the  use  of  an  iterative  procedure.  A test  area, 
generally  selected  because  of  the  availability  of  ground  truth  data,  is  processed  and  the  results  are 
compared  with  ground  truth.  Successive  refinements  in  classification  techniques  are  then  'dllowed 
until  a satisfactory  match  between  the  computer-produced  maps  and  ground  truth  is  obtained.  A much 
larger  area  is  then  processed  to  test  the  generality  of  the  technique.  Due  to  the  iterative  nature  of 
this  process,  there  is  no  clear  differentiation  between  procedure  and  results,  so  that  the  disUnction 
which  is  made  in  this,  and  the  following  section  is  largely  arbitrary. 

The  woodlands  of  Pennsylvania  offer  the  unique  situation  of  widespread  similarity  of  tree  species 
at  differing  degrees  of  gypsy  moth  infestation.  Initially,  however,  it  was  decided  to  concentrate  on 
the  forests  of  the  northeastern  portion  of  Peimsylvania  for  two  main  reasons:  (1)  the  existence  of  vast 
acreages  of  varying  degrees  of  gypsy  moth  defoliation  in  this  region,  and  (2)  the  availability  of  ground 
truth  information  in  the  form  of  color  infrared  (IR)  aerial  photography  at  a scale  of  1:6000  (taken  July 
18,  1973)  and  data  gathered  in  the  field  by  the  Pennsylvania  Bireau  of  Forestry  (BOF)  and  the  U.  S. 
Forest  Service  (USFS). 

The  acreage  and  severity  of  gypsy  moth  defoliation  reaches  a peak  from  mid-June  through  the  first 
few  days  of  July.  If  the  defoliation  has  only  been  light  to  moderate  in  past  years,  the  deciduous  trees 
will  respond  with  a new  canopy  of  leaves  by  mid-  to  late-July.  For  this  reason,  the  timing  of  aerial 
coverage  and  ground  support  data  is  extremely  important.  LANDSAT-1  coverage  of  northeastern 
Pennsylvania  on  July  8,  1973,  fell  on  a cloud-free  day,  and  LANDSAT-1  scenes  1350-15183  and  1350- 
15190  proved  very  satisfactory  for  visual  and  computer  analysis. 

The  first  step  in  computer  processing  was  to  develop  work  tapes  containing  the  digital  data  from 
those  portions  of  the  scenes  where  gypsy  moth  damage  was  known  to  have  occurred.  Two  aids  were 
used  in  deciding  which  scene  portions  would  make  good  study  areas:  the  "Forest  Pest  Report,"^  which 
gave  a county-by-county  summary  of  total  defoliation  for  both  1972  and  1973;  and  the  LANDSAT-1  im- 
ages themselves.  Image  reproductions  of  MSS  band  7 showed  defoliation  as  dark  gray.  Healthy  vege- 
tation appeared  as  lighter  shades  of  gray,  while  black  represented  water  bodies  (Figure  1).  The  SUB- 
SET program  was  used  to  transfer  the  desired  data  from  the  original  NASA  LANDSAT  tapes  to  a work 
tape.  This  program  also  converts  the  tape  format  to  a standard  ORSER  format. 

Once  the  desired  portions  were  subsetted,  proper  location  and  orientation  on  the  tape,  pertaining 
to  the  areas  of  interest  on  the  ground,  had  to  be  achieved.  The  NMAP  program  was  used  for  this  pur- 
pose. This  program  uses  all  four  channels  of  the  LANDSAT  data  to  map  element  brightness  averaged 
over  these  channels.  Output  from  the  program  consisted  of  a brightness  map.  Certain  s>mbols  were 
assigned  to  various  percentage  intervals  of  brightness  and  the  patterns  of  symbols  were  helpful  in  in- 
terpretation. Water  bodies  were  extiemely  helpful  for  orientation  purposes  due  to  tholr  low  brightness, 
uniformity,  and  distinctive  spectral  signature.  Northeastern  Pennsylvania  has  muncrous  lakes  and 
swamps  large  enough  in  size  to  show  up  on  LANDSAT-1  images.  A complete  supply  of  U.S.  Geologi- 
cal Survey  (USGS)  7. 5 minute  topographic  maps  of  the  study  areas  proved  to  be  invaluable  in  substanti- 
ating accurate  identification  of  water  bodies. 

After  the  proper  areas  had  been  subsetted  and  orientation  within  these  areas  achieved,  the  com- 
bined tasks  of  classification  and  character  mapping  were  undertaken.  Two  different  paths  were  avail- 
able at  this  ,.oint— the  supervised  or  unsupervised  classification  procedures.  The  unsupervised  classi- 
fication, or  cluster  analysis,  procedures  were  chosen,  with  the  intent  of  using  the  supervised  procedures 
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at  a later  date  to  check  for  uniformity  aa  well  as  variability  in  the  spectral  signatures  obtained  from 
cluster  analysis. 

The  minority  of  spectral  signatures  iised  throughout  the  project  were  developed  using  the  DCLUS 
program.  In  using  this  program,  one  specifies  the  corner  coordinates  of  the  target  area(s)  to  be  proc- 
essed, the  number  of  sample  points  to  te  chosen  initially,  and  the  initial  critical  clustering  distance.  / 

Ou^t  consists  of  a list  of  spectral  signatures  corresponding  to  the  mean  vector  length  and  standard  de- 
viation. A character  is  assigned  to  each  cluster  spectral  signature  and  a character  map  of  the  speci- 
fied target  area(s)  is  output. 


RESULTS* 

The  discussed  method  of  developing  spectral  signatures  was  initially  ai^lled  to  two  different  stuc^ 
areas.  A secti<m  of  Hue  Mountain,  located  near  Aidjum,  Pennsylvaxda,  on  the  Schuylkill-Berks 
County  line,  and  represented  on  LANOSAT-1  scene  1350-15190,  was  chosen  for  analysis  because  the 
areal  extent  of  defoliation  was  adequate,  yet  somewhat  isolated  from  the  extensive  defoliation  to  the 
northeast.  A second  area,  north  of  East  Stroudsburg,  Pennsylvania,  to  Pike  County,  encompassed 
three  experimental  plots  aerially  sprayed  with  the  chemical  insecticide  Dylox.  These  plots  were  easily 
identifiable  on  LANDSAT-1  image  1350-15183  due  to  their  peculiar  shapes  and  orientation. 

A lack  of  ground  truth  data  resulted  in  the  abandonment  of  the  Blue  Mountain  study  area.  On  the 
other  hand,  ample  ground  truth  data  were  available  as  an  aid  in  analyzing  the  area  surrounding  the 
Dylox  spiray  plots.  With  the  help  of  color  IR  aerial  photc^aphy,  and  other  supporting  ground  truth  in- 
formation, classification  of  the  spectral  signatures  into  categories  was  not  difiicult.  It  was  apparent 
that  defoliated  trees  had  lower  responses  in  MSS  bands  6 and  7,  with  the  degree  of  response  depression 
corresponding  to  the  severity  of  defoliation.  Initially,  10  categories  were  delineated  and  used  as  iiq)ut 
in  the  more  sophisticated  classification  program  DC  LASS. 

DC  LASS  allows  the  user  to  input  spectral  signatures  obtained  from  DCLUS  or  certain  other  ORSER 
programs.  The  euclidean  distance  of  separation  between  an  element  vector  and  each  of  the  category 
vectors  is  used  to  assign  the  element  to  the  category  to  which  it  is  closest.  If  the  element  is  distant 
from  every  category  by  more  than  the  user-assigned  critical  distance,  it  is  classified  as  "other. " 

The  standard  deviations,  in  distance  units,  from  DCLUS  were  used  as  a guide  for  setting  the  crit- 
ical distance  in  DC  LASS.  An  initial  critical  classification  distance  of  8. 0 was  used.  Mapping  symbols 
were  assigned  to  each  category  and  character  maps  were  generated.  Further  refinements  in  category 
specification  were  made  possible  as  familiarity  with  the  target  areas  increased.  Eventually,  a total 
of  31  categories  were  separated  through  continued  use  of  DCLUS  and  DC  LASS. 

In  addition  to  character  maps,  DC  LASS  outputs  frequency  distributions  for  all  categories  and  dis- 
tances of  separation  between  all  pairs  of  spectral  signatures.  Of  the  31  signatures,  there  were  9 for 
lakes  and  swamps,  10  for  healthy  vegetation,  5 for  defoliated  forests,  and  7 for  miscellaneous  categor- 
ies. The  frequency  distribution  table  indicated  that  the  signatures  assigned  category  symbols  to  98  per- 
cent of  the  study  area,  leaving  only  2 percent  unclassified. 

The  table  of  distances  of  separation  revealed  that  the  distance  among  spectral  signatures  within 
the  set  of  5 categories  for  heavy  defoliation  and  within  the  set  of  10  categories  for  healthy  vegetation 
were  much  lesj  than  the  distance  be^veen  category  sets.  Within  the  5 categories  for  heavy  defoliation, 
the  average  distance  of  separation  was  2. 89,  with  a range  of  values  from  a low  of  0. 90  to  a high  of 
4.20.  Within  the  10  categories  for  healthy  vegetation,  the  average  distance  of  separation  was  4. 10, 
with  a range  of  values  from  0. 80  to  9. 00.  The  higher  average  and  greater  range  of  values  for  healthy 


*A  portion  of  these  results  has  been  previously  reported  in  Williams  and  Turner.^  * All  analytical  work  was  carried  out  by  the  senior  author. 
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vegetation  were  not  surprising,  as  one  would  expect  greater  heterogeneity  in  spectral  signatures  due 
to  the  number  of  different  deciduous  and  coniferous  species  found  in  the  mixed  forests  of  Pennsylvania. 
On  the  other  hand,  one  would  expect  better  overall  similarity  among  spectral  signatures  for  denuded 
woodlands,  as  the  forest  floor  and  bare  branches  would  reflect  roughly  the  same  amount  of  radiation 
regardless  of  tree  species. 

With  this  in  mind,  it  was  decided  to  average  the  5 spectral  signatures  for  heavy  defoliation  to  get 
1 overall  signature  for  this  category.  The  same  was  done  with  the  10  spectral  signatures  for  healthy 
vegetation.  Thus,  the  total  number  of  categories  was  trimmed  from  31  to  11.  This  cut  the  costs  of 
generating  character  maps,  while  sacrificing  little  accuracy. 

DCLASS,  using  11  categories,  generated  a character  map  which  closely  resembled  previous  maps 
when  all  31  categories  were  specified.  The  greatest  change  occurred  in  the  percentage  that  was  un- 
classified. It  increased  from  2 to  7 percent.  However,  the  distance  of  separation  between  the  category 
for  heavy  defoliation  and  that  for  healthy  vegetation  was  12. 7.  When  the  initial  critical  classification 
distance  of  8. 0 was  Increased  to  10. 0,  the  percentage  unclassified  was  reduced  from  7 to  3 percent. 

As  a first  ai^roximation  to  obtaining  a category  for  moderate  defoliation,  a spectral  signature 
midway  between  that  for  heavy  defoliation  and  healthy  vegetation  was  obtained  by  averaging  their  spec- 
tral signatures,  thus  differing  from  each  by  6.3  units.  This  signature  was  refined  after  comparing 
character  maps  with  estimates  of  defoliation  on  ground  photos. 

Table  I is  a list  of  the  12  categories  delineated  within  the  study  area,  including  a summary  of  the 
symbols  assigned  to  each  category  and  their  spectral  signatures.  It  should  be  noted  that  channel  num- 
bers 1,  2,  3,  and  4 correspond  with  MSS  bands  4,  5,  6,  and  7.  The  signatures  of  particular  interest 
are  those  for  heavy  defoliation  (10),  healthy  forest  (11),  and  moderate  defoliation  (12).  Although  these 
3 categories  show  similar  responses  in  channels  1 and  2,  substantial  differences  in  response  can  be 
seen  in  channels  3 aud  4,  corresponding  to  the  degree  of  defoliation.  "Healthy  forests"  is  considered 
to  have  ai^roxlmately  0-30  percent  defoliation;  "moderate  defol ’.ation, " 30-60  percent;  and  "heavy 
defoliation, " 60-100  percent  defoliation. 

Figure  2 is  a picture  of  the  Oylox  spray  plots  as  derived  from  BOF  maps  and  color  IR  aerial  pho- 
tography. These  plots  not  only  offered  good  reference  points,  but  were  most  helpful  in  the  develop- 
ment of  spectral  signatui«s  as  all  defoliation  levels  were  represented.  Those  areas  receiving  maxl- 
mum  spray  application  were  relatively  unharmed  and  healthy,  while  the  surrounding  unsprayed  forest 
land  was  generally  heavily  defoliated.  Inadequate  ig>plication  of  the  Dylox  spray  caused  certain  areas 
within  and  around  these  plots  to  show  moderate  degrees  of  defoliation. 

A character  map  produced  by  the  classification  program  DCLASS  from  the  spectral  signatures 
given  above  shows  the  three  sprayed  plots  in  the  lower  half  of  *he  figiure  (Figure  3).  The  total  area 
represented  in  the  figure  is  approximately  6,475  hectares  (16, 000  acres).  Character  maps  such  as 
these  are  useful  as  work  maps  for  the  user  in  his  analysis  of  MSS  data.  However,  they  are  inherently 
distorted  in  tlie  length  to  width  relation  because  of  the  fixed  number  of  lines  and  characters  per  inch 
on  line  printers. 

These  results  indicated  that  LANOSAT-1  data  could  be  used  to  discriminate  between  defoliated  and 
healthy  vegetation  in  northeastern  Pennsylvania  and  that  the  digital  processing  methods  developed  by 
ORSER  could  be  used  to  map  the  extent  and  degree  of  defoliation.  Next,  it  was  necessary  to  determine 
if  tlie  spectral  signatures  developed  in  northeastern  Pennsylvania  could  be  used  to  detect  defoliation  in 
other  parts  of  the  state. 

Some  5,260  hectares  (13,000  acres)  of  woodi  ■ i near  Aaronsburg  and  Woodward,  in  eastern  Centre 
County,  were  defoliated  In  varying  degrees  by  the  gypsy  moth  in  1973.  Since  most  of  the  defoliation 
was  moderate  and  rather  scattered  inoccurrence,  it  was  not  as  easily  detectable  visually  on  LANDSAT-1 


sceiw  1350-15190  as  the  vast  amount  of  heavy  defoliation  that  occurred  in  the  eastern  counties.  In 
fact,  a photointerpreter  may  have  overlooked  it  entirely  if  he  had  no  previous  knowledge  that  defoli- 
ation had  recurred  there.  It  was  decided  to  use  the  spectral  signatures  developed  earlier  from  both 
LANDSAT-1  scenes  as  input  into  the  DC  LASS  program  to  see  if  the  Centre  County  defoliation  would  be 
detected. 

The  DC  LASS  map  of  the  Centre  County  defoliation  compared  very  well  with  a sketch  map  obtained 
via  aerial  reconnaissance,  but  certain  discrepancies  were  noted  in  the  classification  of  degrees  of  de- 
foliation. For  Instance,  the  majority  of  the  areas  classified  as  heavy  defoliation  on  the  sketch  map 
were  classified  as  moderate  defoliation  on  the  computer-generated  maps.  There  are  two  possible  ex- 
planations of  this  discrepancy  and  both  are  related  to  the  timing  of  the  surveys.  LANDSAT-1  coverage 
occurred  on  July  8,  1973,  while  the  aerial  reconnaissance  for  sketch  mapping  was  done  on  July  23, 

1973,  roughly  2 weeks  later.  This  seemingly  small  difference  in  time  can  be  very  important  in  the  de- 
velopment of  insect  populations,  or  other  biologically  or  climatically  controlled  phenomenon.  For  ex- 
ample, Hopkln's  Bioclimatic  Law  states  that  for  every  1”  change  in  latitude  north,  every  5°  change  in 
longitude  east,  or  every  400-foot  increase  in  elevation,  there  is  a 4-day  delay  in  development.  Us- 
ing this  as  a guideline,  it  can  be  estimated  that  biological  development  in  Centre  County,  such  as  the 
leafing  of  trees  and  the  hatching  of  insect  eggs,  etc. , should  occur  approximately  10  days  later  than 
in  eastern  Pennsylvania.  Therefore,  heavy  defoliatior.  would  be  unlikely  in  Centre  County  on  July  8, 
as  the  later  and  most  damaging  instars  of  the  gypsy  moth  would  not  have  developed  at  that  time.  Dy 
July  23,  however,  heavy  defoliation  would  have  occurred  in  the  areas  of  dense  insect  populations. 

A second  possibility,  one  that  must  always  be  considered  when  using  data  based  on  human  judg- 
ment, is  the  inherent  variability  in  judgment  decisions.  As  indicated  previously,  it  is  easily  possible 
that  what  one  observer  calls  heavy  defoliation  could  be  called  moderate  by  another  observer.  That  is 
why  it  is  important  to  devise  a system  with  an  unbiased  decision  rule  such  as  spectral  characteristics 
interpreted  by  a computer  program. 

Another  area  of  interest,  and  possible  confusion,  was  briefly  investigated.  The  ability  to  discrim- 
inate between  defoliated  trees  and  trees  killed  as  a result  of  previous  defoliation  would  greatly  aid  those 
responsible  for  preparing  impact  statements,  or  those  interested  in  the  early  detection  of  salvageable 
stands.  Dy  comparing  data  obtained  at  the  time  of  defoliation  with  data  from  a LANDSAT-1  pass  later 
in  the  summer  after  refoliation,  it  was  hoped  that  nonrefoliating  or  dead  trees  could  be  detected. 

LANDSAT-1  scene  1404-15175  provided  good  coverage  of  eastern  Pennsylvania  on  August  31, 

1973.  It  covered  the  same  area  as  the  July  8,  1973,  scene  1350-15183,  and  in  particular,  the  area 
surrounding  the  Dylox  spray  plots.  A thorough  step-wise  investigation  of  the  digital  data,  similar  to 
that  described  in  earlier  parts  of  this  chapter,  was  performed,  but  no  spectral  signatures  were  ob- 
tained that  would  indicate  dead  trees  (i.e.  , low  responses  in  MSS  channels  6 and  7).  An  attempt  was 
also  made  to  recalibrate  the  August  digital  data  to  the  July  standards,  using  the  REGAL  program,  so 
that  the  July  spectral  signatures  could  be  better  utilized,  however,  the  two  scenes  were  so  different 
spectrally  ^e  to  the  lack  of  foliage  in  July  and  the  abundance  of  foliage  in  August,  that  the  recalibra- 
tion  process  was  unsatisfactory. 

Further  investigation,  including  personal  communication  with  people  familiar  with  the  gypsy  moth 
problem  in  Pennsylvania,  failed  to  result  in  the  location  of  any  large  areas  of  forest  totally  killed  by  gypsy 
moth.  Since  the  resolution  of  LANDSAT-1  is  much  greater  than  the  crown  area  of  individual  trees,  scat- 
tered tree  mortality  would  not  be  detectable  because  dead  trees  could  be  obscured  by  surrounding  foliage. 

CONCLUSIONS 

These  results  have  indicated  that  LANDSAT-1  data  can  be  used  to  discriminate  between  defoliated 
ai.  ' i.  althy  vegetation  in  Pennsylvania  and  that  the  digital  processing  methods  developed  by  OKSER  can 
be  used  to  map  the  extent  and  degree  of  defoliation.  However,  a critical  factor  in  any  defoliation 
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detectton  and  m^)iHng  scheme  is  timing.  All  data  must  be  c<dlected  after  the  peak  of  feeding  the 
larvae  and  before  refoliation  begins.  At  most,  this  period  is  2 or  3 weeks. 

Present  survey  methods,  which  rely  heavily  upon  aerial  survey  from  lig^t  aircraft,  have  several 
limitati(His.  Althou^  they  can  provide  timely  data  related  to  the  extent  of  defoliation,  the  precision 
of  mapping  is  inherently  affected  fay  the  observer's  knowledge  of  the  local  geography  and  his  aldlity  to 
relate  this  to  what  he  sees  frmn  the  air.  In  additi<m,  the  necessity  of  covering  vast  areas  in  a short 
time  span  requires  the  use  of  several  observers,  and  differences  between  each  <diserver's  interpreta- 
tions may  be  substantial. 

On  U- ' other  band,  LAND6AT-1  data,  when  analyzed  by  a c<»nputer,  can  result  in  the  production 
of  maps  - uich  are  not  subject  to  operator  bias.  The  problem  of  changes  in  die  forest  canopy  during 
the  survey  are  negated  since  substantial  areas,  covering  entire  watersheds  or  states,  can  be  moni- 
tored in  one  day.  Computer-generated  m^ps  allow  for  a more  precise  locati<m  of  boundaries,  and  area 
estimates  are  obtained  as  a by-product. 

However,  there  are  several  problems  associated  with  relying  solely  on  LANDSAT-type  satellites 
for  detection  programs.  The  most  serious  limitatirais  are  associated  with  the  frequency  of  passes. 

The  satellite  covers  a given  area  only  every  18  days,  which  is  roughly  the  length  of  the  critical  feed- 
ing stage  in  the  life  cycle  of  the  gypsy  moth.  In  additi<Hi,  there  is  a greater  than  50  percent  probability 
in  this  part  of  the  country  that  cloud  cover  will  be  present  on  a given  overpass.  There  is  therefore  a 
high  possibility  that  adequate  coverage  will  not  occur  when  defoliation  is  at  its  optimum  detection  stage. 
These  timing  problems  could  be  alleviated  in  the  future  if  more  satellites  were  in  orbit,  thus  allowing 
for  more  frequent  coverage.  Another  limitadcm  of  LANDSAT-1  imagery  is  its  resolution  of  60  to  90 
meters  (200  feet  to  300  feet),  making  it  ai^rc^riate  for  detecting  only  widespread  defoliation  or  mor- 
tality over  large  areas. 

At  present,  the  best  use  of  LANDSAT-1  data  seems  to  be  the  unbiased  detection  and  mapping  of 
the  areal  extent  of  the  various  defoliation  categories.  Continued  research,  sui^lcmented  by  more 
frequent  coverage  and  faster  dissemination  of  monitored  data,  may  result  in  a system  which  provides 
rapid  and  accurate  means  of  detection  and  mapping  of  insect  defoliation  in  forests. 
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TABLE  1.  - MEAN  SPECTRAL  SIGNATURES  AND  MAPPING  SYMBOLS  DERIVED  FROM 

DCLASS  OUTPUT 


CriUcal 

Distance 

Unnormaiized  Category 
Specifications 

Category  Name 

Number 

Symbol 

Chaiuiels^ 

1 

2 

3 

4 

Water 

1 

= 

10.0 

27.83 

19.00 

17.25 

5.21 

Wetlands 

2 

10.0 

33.  GO 

24.00 

31.00 

14.00 

SwamplH20 

3 

= 

10.0 

32, 51 

22.77 

24.67 

3.  90 

Lake-et^e 

4 

- 

10.0 

32.50 

22.75 

32.75 

15.  00 

Siltwater 

5 

10.0 

35.60 

24.93 

21.57 

6.74 

Swamp2K20 

6 

= 

10.0 

33.32 

24.26 

26.71 

11.31 

Swamp3H20 

7 

10.0 

31.63 

21.46 

22.33 

8.  51 

Swamp4H20 

8 

10.0 

33.02 

22.98 

21.02 

5.23 

Swamp5H20 

9 

= 

10.0 

20.03 

19.  22 

23.67 

9.  25 

Heavy  Defoliation 

10 

@ 

10.0 

34.08 

25.47 

41.30 

21.08 

Healthy  Forest 

11 

1 

10. 0 

34.79 

24.61 

51.47 

28.  52 

Moderate  Defoliation 

12 

+ 

10.0 

34.44 

25.04 

46.38 

24.80 

^Chartnels  1,  2,  3,  and  4 correspond  with  MSS  bands  4,  S,  6,  and  7. 
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OEIQMAL  FmE  1&  fOOR 


Figure  1.  - A blowup  of  a portion  of  MSS  band  7 from  LANDSAT-1 
scene  1350-15183,  July  8,  1973.  {Water  appears  black, 
defoliation  appears  as  darker  shades  of  gray,  and 
healthy  vegetation  appears  as  lighter  shades  of  gray, 
li...  area  inside  the  box  includes  Dylox  spray  plots 
represented  in  other  illustrations. ) 
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LEGEND 

Heavy  Defoliation  @ 

Moderate  Defoliation  + 

HeaitJiy  Forest  Land  I 

Wetlands 

Water  "dark" 


Figure  3, -Character  map  derived  from  DC  LASS  using 
spectral  signatures  given  in  Table  1. 

(Dj'lox  spray  plots  appear  in  lower  half. ) 
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The  use  of  aircraft  24-channel  raultlspectral  scanner  data  In  conjunction  with 
computer  “processing  techniques  to  obtain  an  automated  classification  of  plant  species 
associations  will  be  discussed.  The  classification  of  various  plant  species  associa- 
tions will  be  related  to  Information  needed  for  specific  applications. 

In  addition,  the  necessity  of  multiple  selection  of  training  fields  for  a single 
class  in  situations  where  the  study  area  consists  of  highly  Irregular  terrain  will  be 
detailed.  A single  classification  will  be  Illuminated  differently.  In  different  areas, 
resulting  In  the  existence  of  multiple  spectral  signatures' for  a given  class.  These 
different  signatures  result  since  different  qualities  of  radiation  upwell  to  the  de- 
tector from  portions  that  have  differing  qualities  of  Incident  radiation.  Techniques 
of  training  field  selection  will  be  outlined,  and  a classification  obtained  from  a 
natural  area  in  Tishomingo  State  Park  In  northern  Mississippi  will  be  presented. 


INTRODUCTION 

From  earliest  times  man  has  chosen  to  settle  in  the  vegetated  regions  of  the 
earth  because  they  best  provided  for  the  needs  of  man.  For  the  most  part,  this  is 
still  true  today. 

It  is  the  radiant  energy  which  is  reflected  or  radiated  from  this  vegetational 
cover  that  is  monitored  in  the  acquisition  of  remotely  sensed  data  from  either  air- 
craft or  spacecraft  over  these  land  areas.  This  plant  cover  can  either  be  partially 
or  wholly  natural,  such  as  in  some  of  our  parks  and  forests,  or  it  may  be  plant  types 
which  exist  solely  as  a result  of  man's  intervention  such  as  farmlands. 

The  plants  that  are  to  be  found  in  a given  area  depend  upon  many  local  environ- 
mental conditions  such  as  soil  types,  rainfall,  frost-free  period,  etc.  This  aspect 
is  well  known  to  plant  ecologists  and  agronomists  alike,  and  is  generally  understood 
by  the  public.  For  example,  one  would  not  expect  to  successfully  farm  cotton  in 
Alaska.  Less  well  understood  are  interactions  of  other  aspects  of  the  ecosystem 
which  can  be  determined  through  vegetational  parameters.  As  an  example,  in  the 
marshlands  to  be  found  along  the  Gulf  Coast,  the  salt  marsh  moquito  Aedes  sol lici tans 
breeds,  and  oviposits  on  soil  that  at  the  time  of  oviposition  is  not  covered  by  water 
but  is  periodically  inundated  by  tidal  action  within  these  wetlands.  These  sites  of 
probable  oviposition  can  be  determined  by  (plant)  vegetational  associations  as  found 
in  different  hydric  regimes.  As  these  associations  can  be  separated  and  classified 
when  multispectral  scanner  (MSS)  data  is  properly  processed,  these  oviposition  sites 
can  be  determined  through  the  identification  of  the  plant  associations  that  are  found 
thereon . 

Table  I gives  a few  examples  of  some  applications  of  vegetational  analysis, 
where  this  analysis  is  based  on  the  acquisition  of  remotely  sensed  data. 
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The  purpose  of  this  paper  Is  twofold.  One  will  be  to  outline  several  criteria 
which  imjst  be  understood  and  employed  In  training  field  selection  where  differing 
physical  factors  within  the  site  dictate  the  necessity  of  multiple  training  field 
selection  for  a single  class  or  association  to  be  properly  Identified.  The  second 
puipose  will  be  to  detail  several  applications  of  Inferential  classifications  derived 
from  plant  association  analysis  and  to  discuss  several  of  these  In  some  depth  to 
better  acquaint  the  reader  with  the  potential  of  the  Inferential  method. 


RECOGNITION  OF  PHYSICAL  FACTORS  AFFECTING  TRAINING 
FIELD  SELF.CTIONS 


Shortly  after  the  organization  of  the  Earth  Resources  Laboratory  (ERL),  the 
problem  of  determining  the  possibility  of  classifying  marsh  vegetation  arose.  This 
Inquiry  was  the  direct  result  of  Interest  by  local  nwsquito  abatement  districts  and 
by  various  state  agencies  responsible  for  management  of  wetland  resources.  The 
details  of  mapping  vegetatlonal  associations  to  Infer  high  mosquito  ovipositlon  risk 
sites  Is  covered  elsewhere  (Cibula  1972). 

The  coastal  marshlands  found  In  part  of  Louisiana  and  Mississippi  are  part 
of  an  extensive  alluvial  plain  which  Is  an  older  portion  of  the  Mississippi  Delta. 

This  plain,  which  has  little  relief,  slowly  drops  toward  the  Gulf,  and  Is  close  to 
sea  level  over  most  of  Its  extent. 

The  plants  which  are  found  In  the  marsh  are  often  considerably  smaller  than  the 
resolution  cell  obtained  from  scanner  data.  This  criterlum  even  holds  for  MSS  data 
obtained  from  1220mwhere  an  Individual  element  Is  approximately  being  2.5  X 2.5 
meters  (8‘  X 8').  As  this  Is  the  case.  In  the  marsh  one  often  finds  that  an  element 
will  contain  a number  of  Individual  p1ants--1n  many  cases  of  differing  species  such 
as  a mixture  of  Jimaus  roemerianua  and  Spartina  patent.  Additionally,  the  shadows 
of  the  plants  also  often  fall  within  the  element.  The  lack  of  relief  In  the  marsh 
contributes  to  extremely  uniform  illumination  over  very  extended  areas.  Considera- 
tion of  all  these  factors  produces  Integrated  signatures  from  each  element  - often 
the  element  producing  a signature  of  an  assoclatlonal  complex.  Taken  In  total,  all 
the  elements  from  a well  chosen  training  field  yield  well  defined  statistics  with 
relatively  small  divergences.  In  practice,  the  associations  In  the  marsh  often 
separate  well  from  each  other. 

In  upland  areas,  the  situation  described  above  often  does  not  hold.  In  dissected 
terrains,  It  Is  not  unusual  to  find  a particular  association  on  both  sunllghted  and 
shadowed  sides  of  ridges.  Such  a situation  was  encountered  In  a study  area  In  north 
Mississippi.  Tishomingo  State  Park  (Figures  1 and  2)  was  chosen  for  a low  altitude 
1220  meters  (4000')  MSS  flight  to  determine  the  effect  of  terrain  dissection  on  plant 
species  association  classifications.  Figure  3,  from  an  RC-8  color  Infrared  photograph 
taken  simultaneously  with  acquisition  of  MSS  data  shows  the  diversity  of  Illumination 
types  to  be  found.  This  mission,  one  of  a series  planned  over  this  area  at  differing 
seasons,  was  flown  In  January.  The  primary  purpose  of  this  study  was  to  determine 
the  efficiency  of  processing  MSS  data  obtained  In  the  winter  season  to  separate  pine 
from  hardwood.  The  application  to  rapid,  large  area  forest  Inventory  Is  obvious. 

Since  It  was  recognized  that  Illumination  on  pine,  hardwood,  etc.  when  on  the 
shadowed  side  of  a ridge  differed  In  both  quantity  and  quality  from  these  same 
associations  bn  a sunllghted  slope,  multiple  training  fields  were  taken  of  each 
association.  These  separate  training  fields  for  each  class  under  differing  Illumina- 
tion conditions  were  treated  as  separate  classes  during  classification,  but  were 
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color  coded  the  same  color  when  the  display  was  prepared.  The  result  of  several 
classifications  over  a restricted  area  Is  shown  In  Table  II.  As  a comparison,  this 
same  area  was  photo  Interpreted  and  a randon  dot  pattern  was  used  to  produce  the 
acreage  calculations.  From  these  acreages  for  each  class,  the  percentages  of  the 
total  acreage  for  that  class  were  calculated.  For  the  MSS  classifications,  a pro- 
gram to  compile  acreages  for  each  class  was  used. 

Two  obvious  discrepancies  are  obvious  In  HSS  classification  I.  The  percentages 
classified  for  water  and  for  pine  were  low.  Inspection  of  the  classified  product 
showed  that  the  error  In  water  classification  resulted  as  much  of  the  water  (river, 
lake  edges)  was  In  partial  or  full  shadow.  Choosing  additional  water  training  fields 
from  representative  shadowed  areas,  minimized  the  problem.  This  Is  shown  with  classi- 
fication II.  (See  Figure  4) 

The  situation  with  pine  was  somewhat  different.  From  the  table.  It  Is  evident 
that  the  difference  between  the  classified  pine  and  the  pine  which  should  be  classi- 
fied shows  up  primarily  In  the  classified  category. 

Field  studies  In  areas  of  high  disjuncture  for  pine  classification  revealed  that 
the  pines  which  are  unclassified  are  primarily  Individual  pines  scattered  among  hard- 
woods — a common  feature  of  the  Oak-Pine  forest  region  (Braun,  1950). 

Further  field  analysis  of  these  situations  revealed  that  many  of  these  pine 
were  open  crowned.  Coupled  with  this,  as  the  mission  was  flown  at  a time  of  year 
when  the  sun  angle  Is  low,  the  shadow  of  the  crown  fell  off  to  one  side,  well  away 
from  the  base  of  the  tree.  This  meant  that  the  understory  beneath  the  pine  was  sun- 
lighted  as  the  neighboring  deciduous  trees  v^re  leafless.  As  a result  of  both  the 
open  crowned  aspect  of  these  trees,  and  the  Illumination  of  the  forest  floor  beneath 
these  crowns,  the  spectral  signature  seen  by  the  scanner  was  a composite  of  the 
signature  from  the  pine  and  that  of  the  forest  floor,  yielding  a signature  different 
from  any  of  the  chosen  classes.  Hence,  these  pines  recorded  as  unclassified. 

To  rememdy  this  situation.  It  was  necessary  to  select  very  small  training  fields 
from  over  a number  of  these  Individuals,  such  that  there  would  result  a sufficient 
number  of  elements  to  pr<oduce  reliable  statistics.  This  has  been  accomplished,  and 
will  be  reported  In  the  future. 


INFERENTIAL  CLASSIFICATIONS 

Xeric  vs.  ^sophytlc  sites:  Longleaf  pine  [pinue  paluatHs)  Is  commonly  found 
along  the  coastal  plain  In  the  southeast.  Generally,  this  pine  Is  found  growing  on 
soils  which  characteristically  are  low  In  organic  matter  (Fowells,  1965).  Within 
these  constraints,  on  sandy,  well  drained  and  therefore  xeric  sites,  turkey  oak, 
blue- jack  oak,  sand  post  oak  and  saw  palmetto  are  found.  On  molster,  and  therefore 
more  tnesophytic  sites,  dogwood  is  one  of  the  common  understory  components  with  long- 
leaf.  Classification  and  Identification  of  these  understory  components,  also  allow 
the  Identification  and  location  of  these  two  differing  site  types. 

Fusiform  Risk  Zones:  Frsiform  rust  {Cronartim  fueifome)  an  Important  fungal 
pathogen  to  pines  In  the  south,  cannot  be  transmitted  from  pine  to  pine,  This  fungus 
requires  an  alternate  host  to  complete  Its  complex  life  cycle. 

Aeclospores  produced  by  this  fungus  In  infected  pine,  are  released  In  the  spring. 
These  spores  are  carried  by  wind  and  air  currents  to  oaks,  where  they  germinate  on  the 
leaves  (Czabator,  1971).  About  20  to  35  days  after  germination  of  the  aeclospore  on 
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the  oak  leaf,  the  fungus  produces  tella  on  the  lower  surface  of  the  oak  leaf.  The 
tel la  produce  tellospores  which  soon  germinate  to  produce  sporldla.  It  Is  the  sporl- 
dia  which  carry  the  Infection  from  the  oak  to  the  pine.  The  sporldla  are  very  sensi- 
tive to  adverse  conditions  and  quickly  lose  their  capacity  to  Initiate  an  Infection. 
As  a result,  the  maximum  distance  they  can  travel  from  an  oak  to  Infect  a pine  Is  not 
great. 


An  ERL  project  Is  currently  progress  In  cooperation  with  personnel  from  the 
Gulfport  station  of  the  Southern  Experiment  Station,  USES.  Personnel  at  the  Gulfport 
Field  Station  are  engaged  In  research  to  quantify  the  distance  relationship  between 
oak  and  pine  to  the  probability  of  sporldlal  Infection.  Analysis  of  aircraft  MSS 
data  Is  In  progress  at  ERL.  At  this  writing.  It  has  been  demonstrated  that  oak  can  be 
separated  and  classified  from  other  forest  species  (Spp  Figure  5).  The  classification 
of  oak  will  be  used  to  generate  a map  which  will  relate  a particular  area  to  the  proba- 
bility of  Infection  If  pine  Is  planted  on  that  site. 


RECOGNITION  OF 

STRESS  AND  STRESS  RELATED  PARAMETERS 

Plants  under  stress  exhibit  spectral  signatures  which  are  different  from  the 
signature  of  these  same  species  which  are  not  stressed  (Weber  & Polcyn,  1972).  Stress 
due  to  disease  Is  what  most  often  comes  to  mind  when  one  considers  a situation  where 
a plant  may  be  stressed. 

In  this  paper,  I present  another  aspect  of  stress— that  due  to  mycorrhizal 
Insufficiency  and  how  remote  sensing  can  be  used  to  Identify  these  stressed  areas. 

The  mycorrhizal  relationship  Is  one  of  a symbiotic  relationship  In  which  the  smallest 
order  of  secondary  roots  of  a tree  are  Invaded  by  specific  fungi  during  periods  of 
active  root  growth  (Hacskaylo,  1972).  Without  mycorrhlzae,  many  plants  (Incliding 
especially  Important  forest  species)  could  not  survive  In  the  high  competitive  biolo- 
gical communities  found  In  natural  soil  habitats. 

With  reference  to  Southern  Pine,  this  relationship  Is  dramatically  shown  by 
studies  of  Vozzo  (1971 ).  In  this  study,  slash  pine  were  grown  In  a situation  where 
the  mycorrhizal  relationship  was  not  allowed  to  be  established.  This  Is  shown  in 
Figure  6. 

At  the  same  time,  a second  group  of  slash  pine  were  Inoculated  with  mycorrhizal 
fungi  during  the  second  year  of  growth.  At.  the  end  of  a 5-year  period,  the  growth  of 
these  inoculated  trees  In  shown  dlagrammai  .ally  In  Figure  7.  These  two  extremes 
show  the  marked  benefit  of  this  relationship  for  southern  pine.  In  a competitive 
environment,  the  pine  In  which  this  relationship  was  not  at  all  established  would  not 
be  able  to  compete  and  as  such  would  not  survive.  Under  natural  conditions,  mycorrhlzae 
are  usually  found  within  all  forest  areas,  but  the  degree  of  Involvement 
shown  with  respect  to  the  quantity  and  speclatlon  varies  greatly. 

Where  this  relationship  is  developed  to  the  maximal  extent,  we  have  maximal 
growth  of  pine,  where  this  relationship  Is  minimal,  we  have  poor  growth  and  a condition 
of  Increased  stress  with  these  pines. 

The  reason  for  this  stressed  condition  in  areas  of  low  mycorrhizal  Incidence  is 
that  the  fungal  partner  In  this  relationship  where  established,  assists  the  trees  In 
nutrient  update.  Increases  solubility  of  minerals  from  soils  that  are  necessary  for 
trees,  helos  to  protect  roots  against  pathogens,  moves  carbohydrates  from  one  plant 
to  another,  produces  plant  growth  hormones  and  by  the  coupling  of  the  mycelial  network 
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of  the  fungus  to  the  tree  roots,  one  finds  a greatly  Increased  surface  area  available 
for  water  uptfike  (Hacskaylo,  1972).  This  Is  especially  Important  In  times  of  drought. 

If  areas  could  be  found  where  there  exist  differing  degrees  of  mycorrhizal 
Involvement,  It  would  then  be  possible  to  select  these  areas  as  training  fields  for 
possible  separation  by  the  use  of  the  technique  of  computer  automated  classification 
of  multi spectral  data.  These  separations  would,  of  course,  be  based  on  the  presently 
assumed  differences  In  spectral  signature  resulting  from  the  dlrrerences  In  the  degree 
of  mycorrhlzal  Involvement.  These  differences  In  spectral  signature  might  well  arise 
from  differing  stresses  that  would  be  found  In  these  different  areas. 

Since  the  training  fields  needed  would  be  relatively  large  (at  1200  meters,  one 
would  need  30  x 30  m.  training  fields),  finding  areas  of  such  size  that  differ  In 
n\ycorrhlzal  Involvonent  would  appear  to  be  quite  1nq)robable,  however,  one  such  area 
was  located  within  the  Harrison  Experimental  Forest,  north  of  Gulfport. 

The  Harrison  Experimental  Forest  Is  located  about  20  miles  north  of  the 
Mississippi  Gulf  Coast  (Figure  8).  One  of  the  projects  currently  under  Investigation 
Is  a fertilization  study  Involving  the  three  species  of  southern  pine:  slash,  loblolly 
and  longleaf  pine.  The  area  had  been  stocked  with  second  growth  longleaf  pine  before 
It  was  clear  cut  In  1959.  The  soils  are  upland  fine  sandy  loams  In  the  Bowie  and  Shu- 
buta  agricultural  series  and  are  low  In  nitrogen,  phosphorus  and  potassium. 

The  slash  pines  were  open  pollinated  progenies  from  two  groups  of  five  parents 
each.  The  loblolly  pines  were  open  pollinated  progenies  from  one  group  of  five  parents 
and  from  a second  group  of  two  parents.  For  each  of  the  pines,  the  two  groups  were 
distinguished  on  the  basis  of  specific  gravity;  one  group  having  wood  of  high  specific 
gravity  while  the  second  group  had  trees  whose  wood  was  of  average  specific  gravity. 

For  the  three  species,  equal  amounts  of  seed  from  parents  within  each  group 
were  mixed  before  sowing  In  a nursery.  The  one  year  old  seedlings  were  lifted  and 
row  planted  at  10  X 10  foot  spacings  In  February  and  March  1960.  Plots  consisted  of 
100  trees  surrounded  by  two  rows  of  border  trees  and  were  arranged  In  four  replications. 
The  10  treatments  (the  two  wood  density  classes  and  five  cultural  treatments)  were 
completely  randomized  within  each  replication  as  shown  In  Figure  9.  The  treatments 
given  for  each  species  and  each  wood  density  class  within  each  species  on  each  of  the 
four  replications  are  as  shown  on  the  following  Table: 


TABLE  III.  FERTILIZAl JON  TREATMENT 

1)  Cultivation,  no  fertilization. 

2)  Cultivation  with  100  lbs  N,  50  lbs  P2O5  and  50  lbs  KgO/acre. 

3)  Cultivation  with  200  lbs  N,  100  lbs  P2O5  and  100  lbs  K20/acre. 

4)  Cultivation  with  400  lbs  N,  200  lbs  P2O5  and  200  lbs  k20/acre. 

^)  No  cultivation,  no  fertilization. 


187 


On  the  control  plots,  stuaps,  soil  and  competing  vegetation  were  undisturbed. 

In  the  cultivated  plots,  the  plots  were  disked  three  times  each  season  for  3 years 
after  planting  and  in  the  fourth  and  fifth  seasons,  the  plots  were  mowed.  On  those 
plots  which  were  fertilized,  fertilizer  was  broadcast  and  disked  into  the  soil  at  the 
begiraiing  of  the  second  season.  All  plots  were  sprayed  three  times  with  a Bordeaux 
mixture  and  DOT  in  both  the  second  and  third  seasons.  Although  14  years  have  elapsed 
since  the  single  fertilization  treatment,  the  high  fertilization  plots  now  still 
show  increased  growth  rates  when  compared  to  the  non-fertilized  plots. 

In  an  unpublished  study  in  this  same  fertilization  study  area,  John  Henge 
demonstrated  increased  mycorrhizal  involvement  in  those  plots  which  had  been  fertilized. 
There  apparently  is  a relationship  between  a single  treatment  of  fertilizer  and  iqycorrhi- 
zal  involvement. 

To  examine  this  aspect  further,  as  part  of  the  overall  Gulf  Coast  MSS  forestry 
investigations,  a program  was  initiated  to  determine  the  differences  in  mycorrhizal 
sporophore  counts  between  fertilized  and  unfertilized  plots  in  selected  replications. 

The  sites  initially  chosen  are  indicated  by  crosshatching  in  Figure  9.  Due  to  time 
limitations,  efforts  during  this  initial  study  period  where  concentrated  on  the  lob- 
lolly plantings  in  Block  IV,  Plots  1 and  4.  These  initial  studies  correlate  well 
with  the  observations  of  Nenge  as  well  as  correlating  extremely  well  with  growth  data 
within  these  plots  as  reported  by  Oinus  and  Schmidtling  (1971). 

As  part  of  the  Eid.  forestry  applications  program,  MSS  data  from  1220  m.  over  this 
forest  area  was  obtained  under  nearly  ideal  conditions  during  May,  1974. 

As  input  for  a classification  to  determine  the  possibility  of  the  subtle 
difference  of  signature  which  might  result  from  the  field  observed  differences  of 
R^corrhizal  involvement,  the  signatures  from  the  pines  in  each  of  the  two  loblolly 
plots  were  used  to  denote  this  difference.  Plot  1 represented  a lower  incidence  of 
involvement  while  Plot  4 represented  the  higher. 

The  classification  shows  a ti^corrhizal  separation  and  the  areas  classified  as 
having  a high  n^corrhizal  involvement  within  Plot  4,  correlate  with  field  data  from 
this  plot  which  demonstrates  that  the  areas  classified  as  having  a high  involvement, 
were  those  areas  which  produced  the  highest  n^corrhizal  sporophore  counts.  The 
classification  results  of  this  study  are  shown  in  Figures  10  and  11. 

In  this  paper,  the  author  has  demonstrated  several  techniques  one  can  employ 
whereby  remotely  sensed  data  from  various  plant  associations  can  be  used  to  obtain 
information  and  classification  from  f’ese  plant  conmunities  which  relate  to  other 
aspects  of  the  enviroranent.  This  inferential  approach  adds  a new  dimension  to  the 
ini'ormation  obtainable  through  remote  sensing. 
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TABLE  I.  SOHE  APPLICATIONS  OF 
VEGETATIONAL  CLASSIFICAl ION 

(1)  HAPPING  OF  SPECIATION  AND  SPECIES  ASSOCIATIONS. 

a)  Harsh  vegetation  Inventory  and  eco1.;gical  studies. 

b)  Forest  inventory 
I)  speciation 

II)  percentage  cover  or  crown  closure 

c)  Agricultural  crop  acreage  inventory 

(2)  INFERENTIAL  CLASSIFICATIONS  FROM  SPECIES  ASSOCIATION  CLASSIFICATIONS. 

a)  Harsh  mosquito  breeding  sites  and  salinity  regimes 

b)  Environmental  parameters  xeric  vs.  mesophytic  sites 

c)  Fusiform  risk  zones  as  determined  by  oak-pine  distribution 

(3)  RECOGNITION  OF  STRESS  AND  STRESS  RELATED  PARAMETERS. 

a)  Disease,  e.g.  fusiform  rust  or  bark  beetle  infestation 

b)  Mycorrhizal  sufficiency  or  insufficiency 

c)  Temporary  water  stress 
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TABLE  II.  COMPARISON  OF  CALCULATED  PERCENTAGES  OF  SIX  CLASSES  FOUND  IN 

TISHOMINGO  STATE  PARK  AS  DERIVED  OY 
PHOTO  INTERPRETATION  AND  SEVERAL  MSS  CLASSIFICATIONS 

[Details  in  Text] 


PERCENTAGE  OF  CLASSIFIABLE  M-ftTFR-ALS 


Interpretation 

Rye- 

Fescue 

Pasture 

■aia 

Pine 

f—"""  " 

Broahleaf 

Ha.‘*iwcods 

Water 

Unci  ass. 

Totals 

Photo  Interpretation 
of  RC-&  IR 

0.02 

0.6 

0./8 

46.2 

4?. 5 

5.6 

4.3 

100.0 

Class.  I 

2.3 

0.2 

10.62 

14.5 

53. 

D.7 

18.08 

100.0 

Class.  II 

2.2 

0.5 

8.0 

20.0 

43.2 



4.9 

21.2 

100.0 

LOCATION  OP  TISHOMINGO  STATE  rARK 
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TISHOMINGO  STATE  PARK 
Figure  2 
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Figure  3.  Portion  of  an  RC-8  color  Infrared  photograph 
taken  s1t?ai1taneous1y  with  acquisition  of  MSS  data. 
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Figure  4.-  Preliminary  classification  of  major  forest  types  found  in  Tishomingo  State 
Park,  Mississippi . Red  = pine;  Green  = Broadleaf  deciduous;  Magenta  ■ Agriculture 
and  some  grasslands;  Cyan  » Rye/  fescue;  Blue  • Mater;  White  = unclassified. 
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Figure  5.-  Prel iminary  classification  of  major  forest  types  found  adjacent  to  and  in 
the  Fertilization  Plot  Study  Area,  Harrison  Experimental  Forest,  De  Soto  National 
Forest,  Mississippi.  Yellow  = pine;  cyan  = Sweetbay,  green  - dogwood;  orange  = 
oak/black  cherry;  Gray  * unclassified. 


uninoculated  slash  pine  seedling  VtAf', 

' }V5'  • 


Figure  6 


197 


Harrison  Experimental  Forest 
Figure  8 
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^^figure^wnh°ffgjjf  low  mycorrhtzal  involvement.  Cor,,pare  this 


Figure  11.-  Loblolly  Pine,  Block  4,  high  mycorrhizal  involvement.  Cwpare  this  classifi- 
cation with  ngure  10.  where  this  same  species  of  pine  exists  with  a lesser  degree  of 
mycorrhizal  involvement.  These  two  figures  demonstrate  that  the  same  species  of  pine 

co^hiLl  involvewnt^”  spectral  signature  which  can  be  related  to  the  degree  of  my- 
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By  H*  G*  8«rt»  S.  J.  Xagle,  M.  B.  Davis 
08DA,  Agriraltursl  Ksssareh  Service,  SottChers  Begitm 
Citrus  Insects  Besearch,  tfeslaco,  Texas 

ABSTBACT  N76-17488 

A study  of  tha  detactlon  of  iaarct  infestations  and  tlie  density  and  dlscribution 
of  tost  plants  was  imdertskm  using  %ylab  data,  aerial  (diotography  and  ground  truth 
siaultaaeously.  Additioul  grmmd  truth  and  aerial  photography  was  acquired  between 
Skylab  passes. 

For  tto  evaluation  of  S-190B  data,  two  100  square-nile  areas  %rithin  the  task 
site  wre  selected.  Area  1,  of  high  density  citrus,  tias  located  northwest  of  Mission, 
Texas.  Area  2,  2C  ailes  north  of  Heslaco,  Texas,  contained  different  varieties  of 
citrt0,  winter  vegetables,  sugarcane,  irrigated  pastures  awl  brush-covered  land.  9cy- 
lab  S-19QA  data  was  also  evaluated  for  siellar  infomaticm  over  the  entire  Lowr  Rio 
Grande  Yalley  and  adjacent  areas  of  Mexico. 

Aerial  photographs  were  obtained  trith  an  aerial  craera  having  a 304.8  n focal 
length  Iras  and  a 228.6  x 228.6  am  fomat  with  false  color  infrared,  2443  film  and 
with  a raltispectral  craera  using  aerial  black  and  white  Infrared  film,  type  2424. 

S-19QA  data  was  recorded  May  30,  1973  on  70  on  film.  The  highest  resolution  was 
obtained  with  the  conventional  color  (SO- 356)  and  black  and  white  film  (SO-022).  A 
color  conpraite  picture  of  S-190A  data  using  a multispectral  viewer  in  the  red,  blue, 
green  and  infrared  chanrals  sho««d  patterns  of  vegetation  on  both  sides  of  the  Rio 
Grande  River  clearly  delineating  the  possible  avenues  of  entry  of  pest  insects  from 
Mexico  into  the  United  States  or  from  the  United  States  into  Mexico.  The  maximum 
resolution  obtained  with  this  film  was  approximately  150  feet. 

Earth  Terrain  Camera  imagery  (S-190B)  was  received  during  the  month  of  April, 

1974.  The  highest  resolution  of  approximately  27  feet  was  obtained  with  conventional 
color  (SO-242)  and  black  and  tifaite  (EK-3414)  film.  The  resolution  of  the  color  infra- 
red film  (SO-131)  was  approximately  50  feet.  The  conventional  color  film  was  exposed 
on  Deceadier  5,  1973.  The  color  infrared  film  was  exposed  on  January  28,  1974. 

On  December  21,  1973  freezing  conditions  caused  severe  damage  in  some  crops  and 
eliminated  some  of  the  vegetation  that  noimally  %K>uld  have  been  visible  on  the  color 
Infrared  film.  The  Identification  of  crops  being  grown  at  this  time  was  obtained 
through  simultaneous  comparison  of  the  conventional  color  and  color  IR  film.  With 
color  IR  film,  citrus  appears  as  a very  dark  red  color  separating  it  frow  brush  and 
sugarcane  which  contained  no  visible  red  color  due  to  damage  from  f\/^^zinp  tempera- 
tures. With  the  conventional  color  film  Whl^h  was  exposed  before  the  fre  <sc,  sugar- 
cane could  easily  be  separated  from  brush  and  citrus,  but  in  some  instances  citrus 
could  not  be  readily  separated  from  brush  except  where  the  geometric  shape  and  pattern 
of  the  field  was  a determining  factor. 

Other  vegetation  that  could  be  identified  with  Skylab  color  IR  film  was  winter 
vegetables,  alfalfa,  irrigated  pastures,  unimproved  pastures  and  different  densities 
of  citrus  plantings.  Insect  infestations  in  citrus  were  at  low  levels  during  the 
Skylab  pass.  However,  with  the  resolution  capabiJity  of  color  infrared  film  and  its 
sensitivity  to  Infrared  reflectance,  it  is  evident  that  heavy  Infestations  of 
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iMm^dew  producing  InsecCt.  wch  u Coccus  hespsridun  L. , Plsnococcus  eltrt  Olisso) 
or  Alwirocsntluts  woglunl  AsUby,  in  citrus  tnuld  hsvs  been  deteet^Ie.  ~Dsrk  soil 
psctcrns  trlthlB  a grove  could  sdversely  affect  the  detection  of  insect  infestations 
alnea  the  overall  reflectance  uould  be  reduced  atid  the  contrast  between  dark  areas 
would  be  less  detectable. 

^ IHTWHMJCTKW 

Aerial  photogra^y  has  been  deaonatrated  to  be  an  effective  tool  in  research 
and  the  practical  applications  of  agriculture.  Bart  and  Ityers  (1968)  using  aerial 
color  ioirared  file  were  able  to  detect  light  to  heavy  Infestations  of  brown  soft 
scale«  Coccus  hesperiduw  L.  on  citrus.  This  work  was  accoeplisbed  with  color  infra- 
red flln  at  a photographic  scale  of  1:10,000.  In  1973  Hart  et  al.  deiaonstrated  that 
^e  saws  technique  could  be  used  to  detect  citrus  blackfly,  Aleurocanthus  wogltml 
iMd>y,  Infeststions  in  citrus  groves.  An  aerial  photograidiic  survey  nethod  was  de- 
veloped frow  these  studies  that  provided  a rapid  and  effective  wethod  of  detecting 
these  pr<d>la  areas,  tlura  significantly  reducing  survey  tine  and  expense  for  this 
serious  citrus  pest. 

Bart  et  al. , in  1971,  were  able  to  identify  citrus  wealybug  infestations  using 
aerial  color  infrared  film.  The  Identification  of  brewn  soft  scale,  citrus  wealybug 
and  citrus  blackfly  infestations  on  citrus  follsge  is  accOiB>llshed  hy  detecting  the 
sooty-nold  fui^us,  Capnodiuw  citrl  Berk,  which  grows  on  honeydew,  an  end  product  of 
weeaboliM  of  these  Insects.  The  patterns  in  which  the  sooty-wold  develops  on  the 
foliags  provides  an  effective  a»ans  for  specifically  identifying  Infestations  of  each 
of  these  three  pests  of  citrus. 

Aerial  photography,  using  color  infrared  filw  provided  detection  of  three  in- 
sects, one  wite  and  three  diseases  on  pecans  and  peaches  in  South  Georgia  (J.  A.  Payne, 
et  al.  1971). 

Ants  can  also  be  easily  detected  with  aerial  photography  as  a result  of  their 
characteristic  wounds.  In  1971  studies  by  Bart  demonstrated  that  mounds  of  imported 
fire  ants  Solencwtsls  invlcta  (Buren)  could  be  detected  with  aerial  infrared  color 
photography  and  that  an  Inexpunsive  technique  for  aerial  surveys  could  be  established. 
Later  studies  by  Green  et  al.  (1975)  provided  in  depth  information  on  precise  altitude 
and  effectl^mess  of  this  survev  technique  for  imported  fire  ants.  Other  ar.t  mounds 
that  can  be  detected  are  those  produced  by  the  harvester  ant , Pogonomyrmex  barbatus 
(F.  Smith)  aud  Texas  leaf  cutting  ant,  Atta  texana  (Buckley). 

niese  studies  demonstrated  that  insect  Infestations  of  crop  plants  and  pastures 
that  are  detectable  by  aerial  photography  can  be  divided  into  four  categories  accord- 
ing to  the  type,  of  damage  they  cause:  (1)  honeydew  producers  from  which  sooty-nold 

deposits  devolc'p  on  foliage,  (2)  those  chat  dlsCcrc  geometric  patterns  of  plants, 

(3)  Chose  that  cause  color  changes  iu  foliage  and  (A)  those  that  produce  identifiable 
structures  (r.e.  act  mounds). 

The  ability  to  rapidly  identify  the  density  and  distribution  of  host  plants  of 
various  petta  can  provide  a major  input  into  large  scale  eradication  programs  of 
established  pests,  containment  or  control  prograss  cf  newly  introduced  pests,  and  In 
studies  of  population  d3oumlcs.  tlaial^y  Che  mos?:  damaging  situation  that  can  occur 
with  an  insect  pest  Is  the  incrodtictlon  of  a destructive  species  to  a new  area.  This 
results  because  the  pest  insect  usually  art  Ives  without  any  of  its  natural  enemies 
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which  causes  the  pest  populstioa  to  iacresse  very  rapidly,  iuflice  saverd  daaape 
to  an  area,  and  reeain  destructive  for  prol«^ed  periods.  A thorough  knowledge  of 
all  vegetation  in  areas  that  are  potential  hosts  of  new  intrediwtions  of  insect  pests 
is  vital  for  Che  prevention,  eradication,  eontainnent,  or  c<mcrol  of  these  pests. 
Adequate  ground  surveys  of  aany  of  there  areas  arc  frequently  InpracCical  hecause 
they  are  extrenely  tlM  consunlng,  costly,  and  in  noec  casein  not  very  efficient,  since 
aany  of  the  areas  of  ctmceru  are  inacceaaible.  In  view  of  \ihis.  Hart  and  associates 
in  1973  developed  tecfanl>:ues  for  ietemining  the  dmsity  and  diatribution  of  host 
plants  of  various  peats  usln^  asrial  photography.  Since  aerial  photography  using 
color  infrared  fila  proved  successful  in  the  above  studies,  Che  use  of  Sky lab  data  ms 
investigated  to  iSeCeruine  Che  feasibility  of  detectinp  insect  infestations  and  avenues 
of  entry  of  pests  into  ;;revlously  unlnfested  areas. 

Methods  and  Mareriala : 


A task  site  was  established  in  the  Lower  Rio  Grande  Valley  from  which  data  w»s 
gathered  usi:^  groimd  surveys,  aerial  photographs  and  Skylab  data.  Within  the  task 
sice,  twc  ICO  sqnere-aile  areae  were  selected  in  which  iata  gathering  was  concentrated. 
Area  1,  wiilch  contained  a high  density  of  citrus  was  Iccated  northwest  of  Mission, 
Texas.  Area  2,  located  20  miles  north  of  Weslaco,  Texas  contained  several  varieties 
of  citrus,  winter  vegetables,  sugarcuie,  irri^ted  pastures,  fallow  land  and  brush- 
covered  land.  In  addition  to  these  two  large  plots,  three  one  square-mile  plots  were 
selected  at  random  froa  within  the  task  site  in  which  highly  concentrace<f  data  gathai' 
ing  was  undertaken. 

The  data  gathered  by  ground  survey  was  concerned  with  insect  infestations,  plant- 
ing densities,  variety  differences,  soli  patterns,  crop  inventories,  acreage  measure- 
ments and  location  of  canals,  roadways,  drain  ditches,  lakes  and  low  areas. 

Aerial  photographic  data  was  acquired  with  an  aerial  camera  which  had  a 304.8  m 
focal  length  lens  and  a 228.6  x 228.6  am  format.  Film  used  io  the  cainer?  was  color 
infrared  film  (2443)  frith  a filter  pack  containing  a Wratten  12  and  4C  cc  blue  filter. 
Aerial  photographs  were  taken  at  altitudes  of  609,  1524  and  3048  meteru,  above  ground 
level  providing  a scale  of  1:2000,  1:5000  ami  1:10,000,  respectively.  A single  en- 
gine aircraft  containing  a 450  am  diameter  camera  port  on  the  floor  to  facilitate  ver- 
tical photography  was  used  for  a plrotographic  platform.  The  film  was  processed  at 
the  Citrus  Insects  Laboratory,  Weslaco,  Texas.  Phonography  obtained  was  viewed  ./n 
light  tables  with  or  without  magnification  and  compared  with  ground  truth  and  Skylab 
data. 


A multiapectral  camera  with  aerial  black  and  white  infrared  film  (2424)  was  also 
used  for  gathering  aerial  data.  This  camera  contains  four  150  focal  length  lenses. 
Each  frame  recorded  four  Images  of  the  same  area  simultaneously,  each  with  a format 
of  57  am  X 103  am.  One  ioage  was  photographed  in  the  green  wavelength  band,  one  in 
the  blue  band  and  one  in  the  near  infrared  to  900  nanometers.  This  data  was  viewed 
with  a nultlspectral  viewer  which  can  be  uved  to  combine  all  four  channels,  producing 
a color  composite,  or  to  view  any  of  the  wavelength  bands  separately  or  In  combination . 

Skylab  data  was  received  from  S-190A  and  S-190E  cameras.  The  S-190A  cataera,  a 
multlspectral  photographic  cancra  system  consists  of  an  array  of  six  70  mm  cameras, 
each  equipped  with  f/2.8  lenses  having  a focal  length  of  152.4  mm  which  provided 
approximately  25,600  sq.  kilometers  of  ground  cover  per  frame.  Each  camera  was 
designated  as  a station  and  was  equipped  with  different  film  and  filter  con^inatlons. 
Camera  stations  one  and  two  contained  black  and  white  infrared  film  (2A24)  and  a 
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filter  (0.7-0. 8 microneter)  and  a W)i^  filter  (0.8-0. 9 nlctoneter) , respectively. 
Station  three  contained  Esi'  filter  (0.5-0.88)  and  color  infrared  fila  (2443).  Station 
four  was  equipped  with  a FFi'  filter  (0.4-0, 7 micrometer)  and  hl-reaolution  color  film 
(SO- 356).  Stations  five  and  six  were  equipped  with  black  and  white  film  (SO-022)  and 
contained  a BbI'  filter  (0.6-0. 7 micrometer)  and  an  AaA'  (0. 5-0.6  micrometer), 
respectively. 

The  Earth  Terrain  Camera,  S-190B,  utilized  127  am  film  and  was  equipped  with  an 
F/4  lens  with  £ focal  length  of  457.2  mm  providing  ground  coverage  of  approximately 
11,881  sq.  kllowiCers.  Earth  Terrain  Camera  imagery  was  exposed  Dec.  5,  1973  and 
Jan,  28,  1974  ami  was  received  April  1974.  This  imagery  consisted  of  conventional 
color  film  (SO- 242)  and  high-resolution  color  Infrared  film  (SO-131). 

S-190A  data  was  received  during  the  month  cf  August,  1973.  This  film  was  ex- 
posed May  30,  1973  and  covered  a major  portion  of  the  task  site.  A large  area  south 
of  the  task  site,  in  Mexico,  %ias  also  included  in  Che  coverage.  The  S-190A  data  was 
evaluated  by  comparing  it  visually  with  aerial  photography  and  ground  data.  The 
black  and  white  multlspectral  Skylab  photography  was  observed  in  the  multispectral 
viewer,  producing  a color  coaq>oalte  «^lch  was  compared  with  the  other  data. 

Vlhen  Che  Skylab  190B  film  was  received,  enlarged  33  nn  transparencies  were  made 
from  the  original  scale  of  1:1,000,000  to  a scale  of  1:63,000.  This  wae.  then  pro- 
jected to  provide  a scale  of  1:10,000.  Using  this  scale,  two  agricultural  photointer- 
preters analyzed  all  items  in  each  test  site  on  each  film  type.  After  analyzing  each 
film  independently  a comparison  study  was  made  of  the  color  IR  and  conventional  color 
films.  Using  this  technique  color,  density,  and  physical  features  provided  information 
necessary  for  correct  identification  of  the  composition  of  the  agricultural  scene. 

The  interpretation  was  aided  by  the  fact  that  the  conventional  color  film  was  exposed 
before  a freeze  and  the  color  infrared  was  exposed  after  the  freeze.  Fig.  1 demon- 
strates one  of  the  test  sites  and  the  sources  from  which  the  data  was  acquired. 

In  order  to  determine  the  accuracy  of  the  interpretation  of  various  features  within 
Che  areas,  a study  was  conducted  using  S-190B  color  infrared  and  conventional  color 
fila.  Within  the  100  square  mile  test  area,  three  one  square  mile  test  sites  were  ran- 
domly selected.  Ground  surveys  were  conducted  to  obtain  ground  truth  which  was  used  as 
a basis  for  determining  accuracy.  Aerial  surveys  using  color  infrared  photography  of 
the  three  sites  were  also  conducted.  All  of  this  data  was  obtained  plus  or  minus  24 
hours  of  the  Skylab  pass  over  the  task  site. 

The  Skylab  190B  was  analyzed  to  identify  various  crops  in  the  test  site  with  both 
color  infrared  and  conventional  color  film  and  to  evaluate  the  influence  of  freezing 
temneratures  and  other  environmental  factors  on  sugarcane,  cabbage,  alfalfa  and  soil 
reflectance  patterns.  Since  it  was  anticipated  that  the  planting  density  of  citrus 
trees  would  effect  the  gross  reflectance  from  the  crop  and  thus  Influence  the  accuracy 
of  detectior.  of  problems,  a study  was  also  made  on  the  effect  of  tree  spacing  on 
reflectance. 

In  order  to  demonstrate  the  ability  to  quantify  differences  between  brushland, 
sugarcane  and  citrus,  a density  study  of  che  various  areas  was  conducted  on  conven- 
tional color  S-190B  film.  Using  a 1:63,000  scale  transparency,  six  randomly  selected 
density  readings  on  each  film  type  were  made  with  a transmission  densitometer  that 
has  a i-mni  aperture. 


AA,  BB,  CC,  DD,  EE  and  EF  are  NASA  designations  for  filters  providing  the  band 
widths  Indicated. 
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Since  color  Infrared  pliotographlc  data  was  obtained  using  different  types  of 
color  infrared  fils  and  exposed  froa  different  altitudes  above  the  subject  being  photo- 
graphed, a comparison  test  of  resolution  was  undertaken  to  determine  the  effects  of 
the  different  types  of  film  and  altitudes  on  resolution. 

The  test  plot  used  for  this  comparison  was  located  in  area  No.  2 and  contained 
640  acres.  The  plot  contained  crops,  fallow  land,  roads  and  canals  from  which  accu- 
rate measurements  on  the  ground  were  taken. 

Skylab  photography,  S-190A  and  S-190B  was  enlarged  photographically  to  its  maxi- 
mum useable  scale  %diich  was  1:200,000  for  S-190A  and  1:30,000  for  S-190B.  S-190A  used 

QC-2443  color  Infrared  film  and  S-190B  used  SO-131,  a high  resolution  color  infrared 
film. 


Aerial  photography  with  color  Infrared  film  (2443)  exposed  at  a scale  of  1:10,000 
over  the  test  plot  was  adjusted  to  a scale  of  1:20,000  to  compensate  for  the  smaller 
adjusted  scale  of  Skylab  data  and  thus  make  the  comparisons  more  equitable. 

Objects  measured  on  the  ground  were  located  on  the  serial  and  Skylab  data  and 
comparative  n^asurements  «i%re  taken  from  each  photograph.  Only  areas  of  high  contrast 
were  used  so  that  the  maxliaum  resolution  could  be  obtained. 

Results : 

The  S-190A  data  provided  significant  information  on  areas  of  vegetation  on  both 
sides  of  the  Rio  Grande  River.  On  the  conventional  color  film  the  physical  features 
of  the  area  such  as  drainage  patterns,  water  courses  and  some  soil  characteristics  are 
readily  apparent  (Fig.  2a).  With  the  color  infrared  film  (Fig.  2b)  the  patterns  of 
vegetation  which  appear  as  shades  of  red  are  very  clear.  Despite  reduced  resolution 
much  more  information  about  the  distribution  of  vegetation  on  both  sides  of  the  border 
is  evident  with  the  color  infrared  film.  This  photography  clearly  defines  the  possi- 
ble avenues  of  entry  of  pest  Insects  from  Mexico  into  the  United  States  and  the  United 
States  into  Mexico  because  of  potential  host  distribution.  The  multispectral  color 
infrared  composite  picture  (Fig.  2c)  which  Included  the  spectral  region  between  0.5  to 

0.9  mlcrcxneters,  intensified  the  signature  of  vegetated  areas  making  It  possible  to 

see  more  vegetation  and  more  accurately  pinpoint  possible  avenues  of  entry  of  pest  in- 
sects. Areas  of  little  vegetation  and  subsequently  less  stress,  are  also  clearly 
evident . 

Following  the  freeze  of  December  21,  1973  sugarcane  demonstrated  a major  change 
in  reflectance  but  pastures,  and  annual  crops  showed  little  change.  This  was  due  to 
the  absence  of  chlorophyl  in  the  sugarcane  brought  about  by  freeze  injury.  In  Fig.  3, 

the  two  film  types  (color  IR  and  conventional  color)  each  exhibited  advantages  for 

some  problems,  but  when  the  films  were  viewed  simultaneously,  comparing  each  item, 
the  accuracy  of  identification  increased  markedly.  This  is  due  in  varying  degrees  to 
the  two  film  types,  to  the  differences  in  reflectance  characteristics  that  occurred 
after  a freeze,  and  to  the  combination  of  both. 

With  the  color  infrared  film,  annual  crops,  fallow  land,  variations  in  soil  color 
and  low  areas  were  correctly  identified  100%  of  the  time.  Citrus  was  identified  with 


93%  accuracy.  With  conventional  color  film  the  accuracy  of  identifications  of  citrus 
dropped  to  80Z  but  when  both  films  were  compared,  citrus  was  identified  correctly  in 
eve. y instance. 

When  comparing  the  2 film  types  the  only  items  identified  with  less  than  lOOZ 
accuracy,  as  Indicated  in  Fig.  3,  were  brush,  horaesites,  missing  plants  within  crops, 
and  canals. 

The  best  resolution  obtained  from  S-190B  data  was  8.2  meters  at  areas  of  high 
contrast  with  conventional  color  film  (SO-242).  Resolution  of  color  infrared  film 
(SO-131)  was  15.2  meters  at  areas  of  high  contrast.  In  Test  Area  1,  which  contained  one 
hundred  square  miles,  it  was  determined  from  ground  surveys  that  citrus  planting  densi- 
ties varied  from  225  trees  per  hectare  to  313  trees  per  hectare  in  several  groves. 

This  planting  density  was  also  very  apparent  with  aerial  photography  using  color  in- 
frared film  (2443)  at  a scale  of  1:10,000.  When  viewing  S-190B  color  Infrared  film, 
the  higher  density  planting  areas  appeared  darker  in  color  than  the  lower  density 
plantings  (Fig.  4).  This  was  roost  obvious  when  citrus  was  planted  on  highly  reflectlvf; 
soils. 

At  the  time  of  year  S-190B  film  was  exposed,  a large  portion  of  the  cultivated 
land  In  the  task  site  was  fallow  land.  Vegetation  present  at  that  time  of  the  year 
was  limited  to  citrus,  sugarcane,  winter  vegetables.  Irrigated  pastures  and  cover 
crops.  Uncultivated  land  contained  sparse  vegetation  of  native  grasses,  shrubs  and 
trees. 

With  S-190B  color  infrared  film  (Fig.  5a)  citrus  appeared  as  a very  deep  red 
color,  separating  it  from  brush  and  sugarcane  which  contained  little  or  no  visible 
red  color  at  this  time  of  year.  On  Dec.  21,  1973  the  sugarcane  had  been  subjected  to 
freezing  temperatures  shortly  before  it  was  photographed  leaving  it  devoid  of  any  in- 
frared reflecting  chlorophyl.  Brush  at  this  time  of  year  does  not  normally  show  up 
well  on  color  infrared  film  due  to  the  reduced  chlorophyl  content.  With  normal  color 
S-190B  data  (Fig.  5b)  sugarcane  which  had  not  been  damaged  by  adverse  temperatures 
when  this  film  was  exposed  could  easily  be  separated  from  brush  and  citrus,  but  citrus 
in  some  instances  appeared  very  similar  to  brush.  In  some  cases  the  geometric  shape 
of  the  field  could  be  used  as  a determining  factor  in  separating  the  two.  Brush  cov- 
ered areas  in  the  test  site  are  usually  large  and  have  irregular  patterns  whereas  most 
citrus  groves  in  the  valley  are  smaller  and  more  uniform  in  color  and  texture  through- 
out. 


A field  of  sugarcane  planted  on  the  east  side  of  a large  body  of  water.  Delta 
Lake,  demonstrated  the  moderating  effect  of  large  bodies  of  water  on  temperature  ex- 
tremes. The  sugarcane  next  to  the  lake,  which  was  uninjured  by  freezing  temperatures, 
appeared  red  on  S-190B  color  infrared  film  while  cane  at  a greater  distance  from  the 
lake,  appeared  black,  demonstrating  the  effect  of  freeze  injury  (Fig.  6a).  This  was 
the  only  field  that  was  observed  to  be  undamaged  on  S-190B  color  infrared  film  follow- 
ing the  December  21,  1974  freeze. 

The  most  abundant  winter  vegetable  growing  at  the  time  S-190B  color  infrared  and 
conventional  color  film  was  exposed  was  cabbage.  With  CIR  film  cabbage  appeared  bright 
red  which  was  easily  distinguished  from  the  dark  red  signature  of  citrus  (Fig.  6b). 
Harvested  cabbage  fields  appeared  pink.  On  the  S-190B  conventional  color  transpar- 
encies mature  cabbage  appeared  green  and  after  harvest  was  light  green. 
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Alfalfa  appeared  as  a much  brighter  red  color  than  all  other  vegetation  growing 
at  the  time  S-190B  color  infrared  film  was  exposed.  Alfalfa  foliage  usually  provides 
complete  coverage  of  the  soil  thus  preventing  any  Interference  with  overall  IR  reflec- 
tance characteristics.  An  alfalfa  field  within  the  first  area  of  the  task  site  had 
suffered  considerable  wind  damage  leaving  areas  within  the  field  void  of  vegetation. 
This  was  very  apparent  when  viewing  S-190B  color  infrared  film  (Fig.  6c)  because  of 
the  bright  red  reflectance  of  the  undamaged  alfalfa  compared  to  the  white  reflectance 
of  dry  soil  where  the  damage  occurred. 

Problems  in  sugarcane  fields  such  as  chlorotic  areas  are  hard  to  detect  from  the 
ground  due  to  dense  planting.  With  aerial  photography,  these  areas  can  be  easily 
seen.  Chlorotic  areas  were  detected  in  a sugarcane  field  when  viewing  S-190B  normal 
color  film  (Fig.  6d)  The  smallest  area  that  could  be  seen  was  9 meters  in  diameter 
when  magnified  to  a scale  of  1:125,000.  Figure  6d  is  an  example  of  a sugarcane  field 
containing  several  chlorotic  spots.  Approximately  ten  acres  of  the  40  acre  field  had 
chlorotic  damage. 

Soil  reflectance  patterns  were  demonstrated  to  have  an  adverse  effect  on  the 
Identification  of  some  citrus  problems  with  data  acquired  from  aircraft  and  Skylab. 

In  the  task  site  there  were  two  basic  patterns  of  soil  reflectance  chat  were  consis- 
tently evident.  These  soils  appeared  either  white  or  of  varying  intensities  of  blue. 
White  soils  are  due  to  the  soil  being  dry  or  very  sandy.  Dark  soils  in  the  test  site 
were  due  to  the  high  moisture  content  of  the  soils  or  deposits  of  silt  that  accuimilate 
in  various  locations.  S-190B  color  Infrared  data  (Fig.  6f)  demonstrates  fallow  land 
containing  light  soil  with  a dark  soil  pattern  running  through  it.  In  a citrus  grove, 
where  the  reflectance  of  soil  blends  with  the  reflectance  of  foliage,  soil  patterns 
can  cause  difficulty  in  interpretation  of  the  data  from  Skylab  (Fig.  6e).  Dark  soil 
patterns  in  a citrus  grove  may  appear  similar  to  insect  Infestations  or  high  density 
of  plantings. 

The  average  diffuse  transmission  density  (6  readings  each)  for  brushland,  sugar- 
cane and  citrus  was  13. IT,  21. OT  and  9.8Z,  respectively  (Fig.  7).  While  there  was 
some  overlap  in  the  readings  for  brushland  and  citrus,  it  is  evident  that  the  averages 
are  rigniflcantly  different  and  that  brushland  and  citrus  can  be  separated  with  this 
technique. 

Using  the  ground  data  and  the  photographic  data,  resolutions  were  established. 
Aerial  color  infrared  film  provided  a resolution  of  46  cm.,  S-190A  45.7  meters  and 
S-190B  15.2  meters  (Fig.  8). 
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Conclutlona ; 


Satellite  date  such  as  that  obtained  fraa  Skylab  S*-190B  offers  promise  for 
detection  of  SMie  insect  pests  and  Che  distribution  of  host  plants  of  various  insect 
pests«  The  practical  applications  of  this  technique  will  be  dependent  on  maximum  re- 
solution and  rapid  turn  around  time  in  receipt  of  the  data. 

With  comparative  observations  of  film  types  and  seasonal  influences  on  reflectance 
characteristics,  many  crop  varieties  can  be  Identified  with  Skylab  S-190B  data. 

Vegetative  patterns  in  border  areas  can  be  detected  with  Skylab  S-190A  and  S-190B 
data.  This  information  can  be  useful  in  detecting  avenues  of  entry  of  pest  species 
and  areas  of  stress  that  require  greater  vigilance  In  stopping  the  spread  of  destruc- 
tive species. 

The  influence  of  soom  environmental  factors  on  crops  that  may  be  confused  with 
peat  injury,  or  related  factors,  can  be  detected  and  identified  with  Skylab  S-190B 
data. 
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(a)  Color  Infrared  (S-190B) 


(b)  Conventional  Color  (S-190B) 
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(c)  Color  Infrared  fram  Aircraft 


(d)  Ground  Truth  Map 
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Flgijre  1 Comparison  of  data  sources  indicated  In  1 square  mile  test  site. 
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(c)  Hultlspectral  Color  Infrared  Composite 


Figure  2 A eoiaparlaon  of  S-190A  QOftvsBtional  color,  color  Infrared  anti  Flae)?  arxi  white  filre, 
Black  art!  white  film  was  coisBined  in  a multlnpecfral  viewer  W: produce  the  color 
composite. 

213: 

BEPRonocmii.ir,'  • - 

yilWttAL  FiWi:  is  '*  :=; 


5i 


2 3 


5 


Figure  Jj,  High  and  Low  Density  Citrus  Plantings. 
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(a)  Color  Infrared 


(b)  Conventional  Color 


Figure  5*  S~190E  color  and  color  infrared  photographs  of  the  100  r-iquare  mile  Test  Area. 
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Wind  Dainage  to  Alfalfa 
Color  Infrared 


(d)  Chlorotic  Area  in  Sugarcane 
Conventional  Color 


(e)  Soil  Patterns  in  Citrus  Grove  {£)  Soil  Patterns  on  Fallow  Land 

Color  Infrared  Color  Infrared 

Figure  6.  Selected  agricultural  items  of  interest  in  the  100  square  mile  test  area. 
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(a)  Sugarcane  Protected  fr«a  Freeze 
Color  Infrared 


<b)  Cabbage  Partially  Harvested 
Color  Infrared 
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(b)  Densitoffieter  reading 

Figtsre  7.  Diffuse  tranismlfiflon  'it'RSity  of  eitrijs,  stigarcanftj  :aM  brush. 
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HACHINE  PROCESSED  LANOSAT  DIOITAL  DATA 


A-16 


By  David  L.  Dietrich,  Ronald  E.  Fries  and  Dwight  D.  Egbert,  General 
Electric  Company,  Space  Systems  Organization,  Beltsville,  Maryland 


ABSTRACT 


N76-T748i 


Agricultural  crop  Identification  and  acreage  determination  analysis 
of  LANDSAT  digital  data  was  performed  for  two  study  areas.  A multi  spectral 
Image  processing  and  analysis  system*  was  utilized  to  perform  the  man- 
machine  Interactive  analysis.  The  developed  techniques  yielded  crop 
acreage  estimate  results  with  accuracy  greater  than  90S  and  as  high  as 
99X.  These  results  are  encouraging  evidence  of  agricultural  Inventory 
capabilities  of  machine  processed  LANDSAT  digital  data. 

INTRODUCTION 


There  Is  Increasing  Interest  In  both  the  scientific  and  political 
arenas  as  to  the  feasibility  of  employing  satellite  data  for  surveying 
world  agriculture.  To  be  effective,  satellite  sensors  must  provide  a 
repetitive  synoptic  view  of  agricultural  areas,  yet  maintain  the  capabil- 
ities of  accurate  crop  Identification  and  area  determination.  Effective 
agricultural  survey  analysis  of  these  remotely  sensed  data  will  probably 
require  an  Interactive  approach  combining  man's  Insights  and  the  machine's 
"number-crunching"  capabilities. 

The  ability  to  extract  agricultural  inventory  parameters  from  LANDSAT 
digital  data  via  an  Interactive  processing  system  was  Investigated  in 
this  study.  Two  areas  were  selected  for  analysis:  Williams  County, 

North  Dakota  and  Melfort,  Saskatchewan.  LANDSAT  imagery  and  detailed 
ground  truth  for  a 3 x 13km  (2x8  mile)  portion  of  each  area  were  provided 
by  the  U.  S.  Department  of  Agriculture  (USDA). 

In  this  study,  a man-machine  interactive  processing  system  performed 
the  analysis  of  LANDSAT  digital  data.  Specifically,  the  system,  under  the 
guidance  of  an  analyst,  performed  mul tispectral  agricultural  crop  identifi- 
cation and  spatial  area  determination  within  the  study  areas.  The  results 
achieved  from  interactive  analysis  were  then  compared  to  detailed  ground 
truth. 

The  results  are  encouraging  and  illustrate  the  agricultural  inventory 
capabilities  of  using  interactive  processing  to  analyze  LANDSAT  data.  The 
findings  indicate  the  potential  utility  of  this  approach  to  carry  out  large 
area  agricultural  surveys. 


BACKGROUND 

LANDSAT  digital  data  of  Williams  County,  North  Dakota  from  July  11, 
1973?  and  of  Melfort,  Saskatchewan  from  August  1,  19733  were  furnished  by 
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the  USDA.  Accompanying  the  digital  data  were  detailed  ground  truth  crop 
maps  of  a 3 X 161cm  (2  x 10  mile)  area  within  each  scene.  Cloud  cover 
obscured  a portion  of  this  selected  area  on  the  Williams  County  LANDSAT 
data,  forcing  the  study  area  to  be  reduced  to  3 x 13km  (2x8  miles).  To 
provide  consistent  results,  the  Melfort  study  area  was  also  limited  to 
3 X 13km. 

Agricultural  practices  in  both  Williams  County  and  Melfort  are  similar. 
Both  areas  are  influenced  by  severe  winters  and  dry  summers.  As  a result, 
spring  wheat  is  planted  rather  than  winter  wheat,  and  the  practice  of 
"summer  fallow"  is  commonly  employed.  A summer  fallow  field  lies  idle 
during  the  growing  season,  and  is  periodically  tilled  to  control  weeds  and 
keep  the  soil  surface  loose.  This  practice  reduces  moisture  loss  by  soil 
surface  evaporation  and  weed  evapotranspiration  while  allowing  effective 
catchment  of  the  infrequent  rains.  This  fallow  ground,  viewed  from  LANDSAT, 
is  in  high  contrast  with  surrounding  vegetation. 

USDA  ground  truth  for  Williams  County  identified  99%  of  the  crops 
within  the  study  area  as  spring  wheat,  barley,  oats,  sod,  grass,  and 
fallow.  Based  on  findings  by  Erb  (P.ef.  1),  it  was  suspected  that  wheat, 
barley  and  oats  would  be  difficult  to  classify  separately  with  LANDSAT 
data  due  to  dose  and/or  overlapping  spectral  responses.  It  was  also 
suspected  that  sod  and  grass  categories,  consisting  of  poor  to  fair  quality 
permanent  pastures  and  hay  harvesting  areas,  may  also  have  similar  spectral 
responses.  Consequently,  the  crops  within  the  study  area  were  analyzed  in 
three  classes:  small  grains  (spring  wheat,  barley,  oats);  sod  (sod,  grass); 

and  summer  fallow. 

The  major  crop  classes  in  the  Melfort  study  area  were  spring  wheat, 
barley,  rape  and  summer  fallow.  Again,  a composite  small  grain  category 
(wheat,  barley)  was  defined  for  analysis.  The  remaining  crop  area  was 
classified  as  either  rape  or  fallow. 

The  average  field  size  in  the  Williams  County  study  area  was  smaller 
than  in  Melfort.  Williams  County  field  sizes  ranged  from  0.4  to  97 
hectares  (1  to  240  acres),  with  an  average  of  10  hectares  (25  acres). 
Melfort,  Saskatchewan  field  sizes  ranged  from  4 to  130  hectares  (10  to  320 
acres),  with  an  average  size  of  22  hectares  (55  acres).  In  both  study 
areas,  field  shapes  varied  from  small  narrow  fields  to  irregular  plots  to 
large  symmetrical  fields. 

These  areas  have  similarities  and  differences  that  allow  for  an 
effective  comparison  of  results,  and  present  an  interesting  challenge  for 
using  interactive  machine  processing  to  analyze  LANDSAT  data. 

APPROACH 

In  order  to  effectively  utilize  the  vast  amount  of  data  being 
generated  by  LANDSAT  and  other  remote  sensing  systems,  special  purpose 
electronic  data  processing  systems  have  been  developed.  One  such  system, 
an  interactive  multispectral  image  processing  and  analysis  system,  was  used 
in  this  study.  The  basic  function  of  the  system  is  to  extract  thematic 
information  from  multichannel  digital  image  data.  This  is  accomplished  via 
statistical  measurement  of  the  radiometric  properties  of  the  multichannel 
data  as  guided  by  an  operator's  interactive  commands.  Interactive 
capability  to  modify  computer  parameters  and  decisions  is  always  available; 
changes  are  quickly  made  and  evaluated.  In  fact,  in  almost  all  modes  of 
operation  the  system  responds  to  man  at  least  as  quickly  as  he  can  decide 
what  to  do  next.  The  advantage  of  an  i:iteractive  system  is  that  it  makes 
the  most  efficient  use  of  both  man  and  machine.  The  pattern  recognition 
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capabilities  and  subjective  judgment  of  the  man  are  coupled  to  the  "number- 
crunching"  capabilities  of  the  machine. 

The  system  has  four  video  channels,  each  of  which  Is  capable  of 
storing  eight-bit  video  Image  data,  plus  eight  theme  storage  channels.  The 
system  uses  a television  compatible  format  of  512  x 512  picture  elements 
(pixels)  to  put  storage  requirements  at  10  million  bits.  For  this,  a solid- 
state  memory  (or  rotating  disc  option)  Is  used  as  a refresh  and  storage 
device.  LANDSAT  digital  data  can  be  entered  directly  from  computer  com- 
patible tapes  Into  the  refresh  memory. 

In  this  agricultural  study,  the  methods  of  Interactive  analysis 
utilized  a variety  of  machine  functions: 

1.  LANDSAT  digital  data  for  the  Williams  County  study  area  were  input 
at  a magnification  of  2X.  At  this  scale  each  LANDSAT  pixel 

(56  X 79m)  Is  represented  by  a 2 x 2 pixel  array  on  the  interactive 
display.  The  scene  was  enlarged  to  facilitate  visual  examination 
of  the  study  area.  The  entire  screen  display  was  15  x 15km 
(Figure  1)  and  the  study  area  was  3 x 13km  (Figure  2). 

2.  The  3 X 13km  study  area  was  delineated  on  the  color  monitor  with 
a polygon  cursor  (any  user-defined  polygon  area  whose  position  is 
recognized  by  the  system  during  subsequent  operations)  so  that 
numerical  analysis  results  could  be  extracted  for  only  the  3 x 13km 
study  area. 

3.  Within  the  study  area,  small  uniform  portions  of  selected  fields 
were  designated  as  test  and  training  sites.  For  example,  portions 
of  five  known  fallow  fields,  which  were  well  distributed  throughout 
the  study  area,  were  incorporated  into  a training  site  set.  Por- 
tions of  five  other  known  fallow  fields  were  selected  to  form  the 
test  site  set.  These  training  and  test  sets  for  all  three  crop 
categories  are  illustrated  in  Figures  3 and  4.  Each  set  of  fields 
represents  approximately  2.5%  of  the  total  study  area. 

4.  A first  cut  spectral  signature  including  all  four  mul ti spectral 
scanner  (MSS)  bands  was  obtained  for  each  of  the  three  crop  classes 
from  the  defined  training  field  sets.  In  training,  mul tispectral 
brightness  data  (gray  levels)  within  the  training  area  are  auto- 
matically measured,  and  their  upper  and  lower  spectral  limits  are 
used  to  define  a single  spectral  cell.  This  spectral  cell  is  the 
first  cut  signature  of  the  crops  within  the  training  set.  All 
screen  pixels  that  lie  between  the  bounds  of  this  signature  are 
then  identified  or  alarmed  on  the  color  monitor  image  display. 

5.  The  next  step  was  to  determine  if  each  first  cut  crop  signature 
truly  alarmed  only  its  own  crop  category.  This  accuracy  of 
identification  was  determined  by  analyzing  the  pixels  alarmed 
within  each  test  field  set. 

The  errors  of  identification  were  presented  as  errors  of  omission 
and  commission.  For  example,  fallow  omission  and  commission  errors 
would  be  defined  as  follows: 

Number  of  pixels  identified  as  fallow 

Omission  Error  = 1 - within  the  fallow  test  fie|d  set  

(for  fallow)  Total  number  of  pixels  defined  as  the  fallow 

test  field  set 

% Correct  Classification  = (1  - Omission  Error)  x 100 
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Number  of  pixels  Identified  as  fallow 
Commission  Error  ■ within  the  grains  and  sod  test  field  sets 
(for  fallow)  Total  number  of  pixels  del^lned  as  the 

fallow  test  field  set 

% Commission  Error  ■ Commission  Error  x 100 

Omission  and  commission  errors  of  these  first  cut  signatures  were 
thus  determined  for  each  crop  category:  small  grains,  fallow  and 

sod. 

6.  First  cut  signatures  were  obtained  and  tested  at  three  gray  level 
resolutions  as  selected  on  the  machine,  128  levels,  64  levels  and 
32  levels. 

7.  First  cut  signatures  Include  all  spectral  values  between  defined 
gray  level  limits  of  each  training  set.  Further  refinement  of 
this  signature  was  attempted  automatically  through  a multicell 
signature  technique.  That  Is,  the  all  Inclusive  first  cut  signa- 
tures (large  spectral  cells)  were  reconstructed  to  Include  only 
the  Individual  pixel  gray  level  values  contained  within  the 
training  area.  The  results  of  this  automatic  refinement  technique 
were  not  encouraging;  therefore,  a manual  Interactive  refinement 
technique  was  attempted. 

8.  The  analysis  objective  was  to  obtain  spectral  crop  signatures  with 
characteristically  low  omission  and  commission  errors.  The  first 
cut  signatures  were  thus  manipulated  manually  to  obtain  the  lowest 
errors  possible.  This  Interactive  procedure,  called  histogram 
trimming,  allows  the  machine  operator  to  adjust  the  spectral  range 
(large  cell  gray  level  limits)  of  any  one  or  all  of  the  LANDSAT 
spectral  bands  that  comprise  the  four  channel  signature.  Initial 
trimming  was  made  on  a quantitative  evaluation  of  the  machine- 
displayed  histograms  In  terms  of  variance,  skew,  etc.  The  new 
alarm  created  by  the  adjusted  signature  was  then  quantitatively 
tested  through  omission  and  commission  error  determinations. 

9.  Signature  refinement  through  histogram  trimming  was  repeated  until 
"best  results"  were  obtained.  In  this  study,  best  results  were 
defined  as  a time  efficient  analysis  technique  that  produced  a 
signature  which  minimized  both  omission  and  commission  errors  when 
considered  simultaneously.  That  is,  some  slight  trade-off  between 
accuracy  and  speed  of  analysis  was  allowed. 

10.  The  best  signature  for  each  crop  class  alarmed  or  mapped  certain 
portions  of  the  3 x 13km  study  area.  The  best  result  classifica- 
tion theme  maps  for  Williams  County  are  shown  In  Figures  5 and  6. 
The  exact  number  of  pixels  alarmed  In  each  crop  class  were  con- 
verted to  acres  for  crop  area  comparisons  with  known  ground  truth 
acreage. 

11.  Throughout  the  study,  MSS  bands  5 and  7 appeared  most  sensitive  in 
differentiating  between  crop  classes.  Therefore,  classification 
using  only  these  two  bands  of  data  was  also  attempted.  The  reduc- 
tion In  the  number  of  spectral  bands  to  be  analyzed  not  only  speeds 
analysis,  but  also  requires  less  memory  In  the  automated  data 
processing  system.  These  time  and  space  savings  could  facilitate 
simultaneous  multitemporal  and  mul t1 spectral  analysis. 

12.  The  techniques  and  parameters  that  produced  the  best  results  for 
Williams  County  were  then  applied  to  obtain  signatures  for  the 
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Melfort,  Saslcatchenan  study  area.  Repeating  the  developed 
classtf icatton  techniques  on  the  Melfort  study  area  provided  a 
check  of  classification  and  area  accuracies  found  In  Williams 
County.  It  also  provided  a measure  of  the  time  required  to  pro- 
duce results  rather  than  to  Investigate  techniques.  The  Helfort 
study  area  Is  shown  In  Figure  7,  and  the  best  results  classifies 
tion  are  shown  as  Figure  8. 

RESULTS 

The  results  of  Interactive  analysis  of  both  study  areas  were 
encouraging.  The  developed  techniques  yielded  acreage  accuracies  greater 
than  90*  for  each  crop  category  In  both  the  Williams  County  and  Mel  fort 
study  areas. 


Williams  County,  North  Dakota 

Initial  training  and  test  statistics  were  the  decision  criteria  for 
determining  the  number  of  spectral  gray  levels  (32,  64  or  128  levels) 
that  could  be  used  most  effectively  on  the  Interactive  system.  A gray  level 
resolution  of  32  levels  was  not  specific  enough  to  adequately  differentiate 
between  vegetative  classes.  Though  Initial  test  field  percent  correct 
classification  was  excellent,  the  commission  er<^ors  were  also  quite  high. 

A resolution  of  128  levels  Introduced  too  many  gray  levels,  which  tended  to 
be  too  restrictive  and  thus  decreased  the  percent  correct  classification 
within  some  of  the  test  fields.  Also,  visual  examination  of  the  histograms 
was  difficult  at  128  levels.  At  a 64  gray  level  resolution,  initial  train- 
ing and  testing  yielded  the  most  equitable  trade-off  between  percent  correct 
classification,  commission  error,  and  ease  of  Interactive  manipulation. 

The  primary  criteria  In  selecting  the  most  effective  classification 
mode  was  user-interaction -efficiency  coupled  with  accurate  classification 
results.  A first  cut  signature  (single  large  cell  classification)  was 
accepted  as  the  mode  capable  of  providing  the  most  rapid  response  to  Inter- 
active commands.  In  addition,  data  operations  and  statistical  results 
were  more  readily  performed,  effectively  displayed  and  efficiently 
Interpreted  In  the  single  cell  mode. 

Crop  classification,  based  on  the  first  cut  signatures  of  the  training 
fields.  Initially  yielded  high  test  field  classification  accuracies,  but 
also  yielded  high  commission  errors.  Manual  refinement  of  the  signatures, 
using  histogram  trimming,  was  then  accomplished.  Final  Interactive  results 
of  training  and  testing  are  represented  In  the  first  four  columns  of 
Table  I.  For  the  three  categories  (small  grains,  fallow  and  sod)  the 
average  percent  correct  classification  of  test  fields  was  93.3%  with  an 
average  commission  error  of  3.6%. 

Some  tests  were  performed  to  determine  If  barley  or  oats  could  be 
accurately  distinguished  from  wheat,  or  If  a grass  could  be  determined 
spectrally  exclusive  of  sod.  The  similarity  of  the  spectral  responses 
within  these  categories,  however,  made  more  detailed  stratification 
Impractical.  Therefore,  all  classification  and  acreage  determinations  were 
made  using  the  small  grains,  sod  or  fallow  categories. 

The  refined  signatures  were  then  applied  to  Individual  crop  acreages 
over  the  entire  3 x 13km  area.  The  number  of  LANDSAT  pixels  classified  In 
each  category  was  converted  to  hectares  (1  LANDSAT  pixel  = 0.45  hectares) 
and  then  compared  to  USDA  ground  truth.  The  best  results  show  acreage 
accuracies  of  99.3%,  98.2%  and  91.7%  for  small  grains,  fallow  and  sod, 
respectively  (see  Table  I).  Unclassified  pixels  amounted  to  4.5%  of  the 
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study  araa  or  181  hectares  (447  acres).  Overlap  or  conflict  pixels  (pixels 
classified  as  two  crops)  amounted  to  1.8X  of  the  study  area.  Most  of  the 
conflict  was  between  the  vegetative  classes  of  small  grains  and  sod. 

Fallow  fields  were  of  high  enough  contrast  with  vegetated  areas  to  minimize 
conflict  pixels. 

Similar  results  were  achieved  when  either  two  (HSS  bands  5 and  7)  or 
four  LANOSAT  spectral  bands  were  used  for  classification.  This  result 
supports  the  findings  of  LANDSAT-1  Investigators  Landgrebe  (Ref.  2)  and 
Ulegand  (Ref.  3)  and  others  who  have  Indicated  that  MSS  bands  5 and  7 alone 
are  sufficient  for  most  agricultural  applications.  Band  5 (0.6  > 0.7um)  Is 
In  a spectral  region  that  Is  selectively  absorbed  by  chlorophyll.  Almost 
all  energy  In  the  spectral  region  of  band  7 (0.8  > l.lum)  Is  reflected  by 
vegetation.  These  two  bands  are  therefore  quite  sensitive  to  changes  In 
vegetation  and  vegetation  cover,  and  little  If  any  advantage  Is  gained  by 
using  all  four  bands.  Band  4 may  actually  Introduce  an  obscuring  effect  due 
to  the  low  contrast  characteristic  of  this  spectral  range  that  results  from 
atmospheric  scattering.  The  Important  advantage  of  utilizing  only  bands  5 
and  7 Is  In  the  reduction  of  Interactive  manipulations  and  the  number  of 
digital  operations  used  throughout  the  classification  procedure. 

In  summary,  the  techniques  and  parameters  that  were  found  to  produce 
the  best  results  were:  64  gray  level  resolution;  and  MSS  bands  5 and  7, 

with  manual  histogram  trimming  of  the  first  cut  signature.  The  achieved 
acreage  accuracies  for  the  3 x 13km  study  area  all  exceeded  90%.  The 
'*eveloped  techniques  present  an  efficient,  accurate  way  of  extracting  crop 
information  from  LANDSAT  data  using  Interactive  processing  capabilities. 

Melfort,  Saskatchewan 

To  provide  a check  of  the  procedures  developed  for  Williams  County, 
similar  classification  techniques  were  applied  to  the  Melfort,  Saskatchewan 
study  area.  The  Melfort  scene  was  expected  to  provide  a reliable  test  of 
the  techniques  since  It  contained  larger  fields  with  some  different  crops; 
the  crops  were  farther  into  the  growing  season;  and  the  area  Is  565km 
north  of  Williams  County,  North  Dakota. 

Interactive  classification  yielded  crop  acreage  accuracies  of  98.9%, 
96.0%  and  98.9%  for  small  grains,  fallow  and  rape,  respectively  (see 
Table  II).  The  unclassified  area  was  11.8%  or  498  hectares  (1231  acres) 
of  the  total  4229  hectares  (10,460  acres)  within  the  polygon  cursor  defining 
the  3 x 13km  study  area.  The  unclassified  areas  were  primarily  composed 
of  roads,  spaces  between  fields  and  other  nonhomogeneous  areas.  The  overlap 
pixels  represented  4.7%  or  199  hectares  (492  acres)  of  the  study  area.  The 
majority  of  overlap  or  conflict  existed  between  the  small  grain  and  rape 
classes.  The  ground  truth  Indicates  that  a few  of  the  rape  fields  contained 
portions  of  wild  oats  and  weeds.  The  spectral  variations  within  these 
fields  Influenced  both  crop  Identification  and  crop  acreage  resultr.. 

Similar  to  the  Williams  County  site,  the  fallow  category  conflicted  less 
than  the  vegetative  classes. 

During  the  training  and  classification  of  the  small  grain  crop  category 
within  the  Melfort  study  area,  unsatisfactory  results  were  obtained  when 
64  gray  level  resolution  was  used.  Consequently,  the  system  parameters  were 
changed  back  to  a 128  gray  level  resolution.  The  spectral  properties  of 
small  grains  and  rape  were  so  nearly  the  same  that  the  difference  of  only 
one  gray  level  on  the  128  level  scale  made  a significant  difference  In  the 
commission  errr'rs.  This  points  out  the  need  to  exercise  caution  when 
generalizing  from  the  previous  results  obtained  with  only  64  gray  level 
resolution.  It  also  demonstrates  the  advantages  of  the  man-machine  Inter- 
active approach,  which  allows  periodic  human  Intervention  In  the  automated 


226 


classification.  Tha  final  results  for  the  small  grain  category  In  the 
Melfort  study  area  stiown  In  Table  II  are  for  a gray  level  resolution  of  128. 
All  other  figures  In  boih  Table  I and  Table  II  are  for  a 64  gray  level 
resolution. 


CONCLUSIONS 

Nan-machine  Interactive  processing  was  used  to  perform  agricultural 
crop  Identification  and  acreage  determination  analysis  of  LANDSAT  digital 
data  for  two  3 x 13km  study  areas:  Williams  County,  North  Dakota  and 

Nelfort,  Saskatchewan.  Crop  acreage  accuracies  as  high  as  99%  were  achieved 
by  applying  the  techniques  developed  In  the  study.  These  techniques 
Involved  analysis  of  LANDSAT  digital  data  MSS  bands  5 and  7,  at  64  gray 
level  resolution  (In  some  cases  128  level  resolution),  using  first  cut 
signatures  refined  through  histogram  trimming. 

The  crop  Identification  and  acreage  accuracies  obtained  were  similar 
in  both  study  areas.  These  techniques  may  not  be  successful  in  all  areas, 
but  results  for  these  particular  study  areas  provide  encouraging  evidence 
of  the  utility  of  a man-machine  Interactive  processing  system  for  agricul- 
tural Inventories.  Unfortunately,  Implementation  of  these  techniques  to  a 
larger  area  Inventory  was  beyond  the  scope  of  this  pilot  project. 

These  results  were  obtained  using  only  multlspectral  analysis.  Many 
Investigators,  both  at  General  Electric  and  elsewhere,  concur  that  the 
accuracy  of  an  agricultural  survey  will  Improve  by  combining  multlspectral 
and  multitemporal  Input  data.  Crop  calendar  parameters  could  provide  the 
inputs  necessary  to  differentiate  between  crops  with  similar  spectral 
characteristics,  such  as  wheat  and  barley. 

To  summarize,  the  results  Illustrate  the  capability  to  rapidly  extract 
accurate  agricultural  survey  Information  from  LANDSAT  digital  data  via  an 
interactive  data  processing  system.  Man-machine  Interactive  data  processing 
systems  provide  rapid  and  accurate  crop  classification  through  the  utiliza- 
tion of  the  most  efficient  analysis  capabilities  of  both  man  and  machine. 
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TABLE  I.  WILLIAMS  COUNTY,  NORTH  DAKOTA  TEST  FIELD 


AND  STUDY  AREA  RESULTS 


CROP 

CATEGORY 

TEST  FIELD  ANALYSES 

3 X 13KM  STUDY  AREA 

OMISSION 

COMMISSION 

COMPUTER 
CLASSIFIED 
AREA  IN 
HECTARES 
(ACRES) 

GROUND 
TRUTH 
AREA  IN 
HECTARES 
(ACRES) 

% 

CORRECTLY 

CLASSIFIED 

PIXEL 

NO. 

CORRECT 

% 

CORRECT 

PIXEL 

NO. 

INCORRECT 

% 
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SMALL 

GRAINS 
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(3871) 
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FALLOW 
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87.0 

9 

■1 

m 

IISSHi 

98.2 
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93.3 

6 

m 

■B 

1064 

(2628) 

91  .7 

TABLE  II.  MELFORT,  SASKATCHEWAN  TEST  FIELD  AND 


STUDY  AREA  RESULTS 


CROP 

CATEGORY 

TEST  FIELD  ANALYSES 

3 X 13KM  STUDY  AREA 

OMISSION 

COMMISSION 

COMPUTER 
CLASSIFIED 
AREA  IN 
HECTARES 
(ACRES) 

GROUND 
TRUTH 
AREA  IN 
HECTARES 
(ACRES) 

% 

CORRECTLY 

CLASSIFIED 

PIXEL 

NO. 

CORRECT 

% 

CORRECT 

PIXEL 

NO. 

INCORRECT 

% 

ERROR 

SMALL 

GRAINS 

189 

87.5 

6 

2.8 

1656 

t4094) 

tm 

98.9 

FALLOW 

217 

100.0 

5 

1632 

(4033) 

— 

1696 

(4190) 

96.0 

RAPE 

216 

99.5 

6 

2.8 

m 

98.9 
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Figure  2.  MSS  band  7 monitor  Image  dispi ay 
of  3 X 13km  Williams  County  study 
area. 
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Figure  8.  Classification  results  for  Helfort 
study  area:  small  grains  (white), 
fallw  (n^dium  gray),  rape  (dark 
gray),  and  unclassified  (black). 
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ABSTRACT  N76-1748?* 

In  nid-1973.  General  Electric  undertook  a stu<y  of  agricultural  applications  of  remote 
sensing  with  a major  US  agricultural  firm.  The  stu4>  continued  for  els^teen  months*  and 
oivered  the  areas  of  crop  monitoring  and  management  as  well  as  large  scale  crop  Inventories. 
Pilot  programs  In  the  application  of  aircraft  remote  sensing  and  LANDSAT  data  were  con- 
ducted. An  operational  aircraft  survey  program  for  ranch  management  has  subsequently  been 
Iqilemented  by  the  agricultural  firm.  LANDSAT  data  was  successfully  used  to  produce  a 
ninety-seven  percent  accurate  inventory  of  cotton  o\«r  4.8  million  acres  of  California's 
San  Joaquin  Valley. 


INTRODUCTION 

ihjring  the  eighteen  month  period  from  June  1973  to  December  1974,  General  Electric 
was  engaged  in  an  agricultural  remote  sersing  program  with  a major  US  agricultural  firm. 

The  principal  purpose  of  this  effort  was  to  conduct  a pilot  program  in  the  application  of 
remote  sensing  to  crop  monitoring  and  management  as  well  as  crop  inventories,  and  to 
evaluate  the  feasibility  of  a full-scale,  operational  program.  The  stu^  was  centered  in 
California's  San  Joaquin  Valley.  The  crops  involved  were  cotton,  safflower,  and  alfalfa. 

The  study  divided  naturally  into  two  phases,  coinciding  with  1973  and  1974  crop  seasons, 
respectively.  Phase  I was  a leamiim  and  experimentation  period,  with  emphasis  on  establish- 
ing a sound  definition  of  the  data  and  information  requirenents  of  this  specific  ranching 
operation.  Phase  II,  carried  out  during  1974,  was  a period  in  which  several  operational 1y- 
ori^ted,  pilot  programs,  using  both  aircraft  and  LANDSAT  data,  were  conducted  and  evaluated. 


PHASE  I - THE  LEARNING  PHASE 

The  first  season  of  the  study  was  the  learning  phase,  designed  to  promote  a meaningful, 
bi-directional  transfer  of  technology  between  the  ranch  personnel  and  GE  project  staff. 

GE  personnel  were  located  on-site  at  the  firm's  major  ranching  location  and  worked  side-by- 
side  with  the  ranch  manager,  agronomists,  and  district  managers  from  June  to  October  of 
1973. 


The  Ranch 

The  ranching  operation  is  one  of  the  largest  in  the  area  with  over  50,000  acres  in 
cultivation.  The  principal  crops  covered  in  the  study  were  cotton,  safflower,  and  seed 
alfalfa,  although  wheat,  barley,  and  milo  are  also  grown. 

The  ranching  operation,  itself,  is  highly  automated  and  capital  intensive,  with  a 
minimum  of  labor  input.  This  is  achieved  in  large  part  by  a significant  economy  of  scale. 
Almost  all  crops  are  grown  in  full  sections,  each  one  square  mile  (640  acres)  in  area,  and 
all  of  the  practices  and  equipments  used  are  designed  for  this  size  operation. 

The  San  Joaquin  Valley  has  been  described  as  one  of  the  most  fertile  regions  in  the 
world,  and  the  careful  rotation  of  cotton  and  safflower,  supplemented  by  chemical  fertiliza- 
tion, has  resulted  in  maintenance  and,  nwre  often,  improvement  of  overall  soil  fertility. 
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The  company  continually  conducts  a long-range  land  inprov«nent  program  which  operates  on  a 
sliding,  BMiti-year  basis. 

From  Mny  through  September,  the  weather  in  the  area  is  repetitiously  rain-free,  cloud- 
free,  hot  and  dry.  Daytime  hi^s  in  July  and  August  often  range  between  one  hundred  five 
and  one  hiandred  twelve  degrees  Fahrenheit,  with  nighttime  teflq>eratures  in  the  seventies. 
Flood  irrigation  is  used  throughout  the  area,  with  water  from  snow-melt  in  the  Sierras. 


Phase  I Tasks 

In  addition  to  the  major  task,  that  of  developing  an  understanding  of  the  fanning 
operation  and  practices,  a number  of  other  tasks  were  carried  out  during  this  Phase  I period. 
Principal  mong  these  was  the  collection  of  ground  truth  data  for  siA>sequent  correlation 
with  LANDSAT  imagery,  later  in  Phase  I and  in  Phase  II.  The  ranch  personnel,  both  individ- 
ually and  collectively,  keep  amazingly  complete  and  accurate  records  covering  literally 
every  aspect  of  their  operations.  All  of  this  data  was  made  available  for  the  current  as 
well  as  past  years,  and  this  was  supplemented  by  data  collected  by  GE  project  personnel. 

This  ground  truth  activity  was  C0B4)1emented  by  an  experimental  aircraft  survey  task  which 
w^  conducted  throughout  Phase  I.  This  ex^riment  utilized  a hand-held,  35mm  camera  with 
color- infrared  film.  The  photos  were  obtained  from  an  altitude  of  eight  thousand  feet  on  a 
nine  day  schedule  which  was  timed  to  coincide  with  UUiOSAT-rs  eighteen  day  cycle.  Each 
photo  mission  covered  25  full  section  fields  selected  for  the  purpose.  In  order  to  give 
this  experiment  an  operational  flavor,  the  photos  were  processed  and  reviewed  with  ranch 
personnel  within  twenty- four  hours  after  acquisition. 

Although  this  Phase  I aircraft  remote  sensing  experiment  was  simple  by  design,  it 
proved  highly  effective  in  introducing  the  ranch  personnel  to  the  capabilities  of  infrared 
data  and  the  advantages  of  repetitive  aircraft  coverage.  The  imagery  did  provide  early 
detection  of  weeds  and  areas  of  rodent  and  certain  insect  damage.  In  addition,  the  photos 
permitted  measurement  of  the  areal  extent  of  these  problons. 

The  aerial  photography  also  helped  in  identifying  and  assessing  nimierous  operational 
ranching  problems  such  as  planter  and  fertilizer  skips,  checks  missed  in  irrigation,  and 
hifh  (dry)  and  low  (wet)  areas.  In  several  Instances  this  resulted  in  modification  of 
the  particular  procedure  and/or  equipment  involved. 

Variations  in  crop  vigor  were  also  clearly  defined  and,  as  a result,  ranch  personnel 
requested  coverage  over  additional  fields  to  monitor  test  plots  and  problem  areas. 

Throughout  Phase  I,  LANDSAT  MSS  data  in  the  form  of  black  and  white  and  color  conqsosite 
transparencies  was  obtained  and  analyzed  visually.  The  most  current  Imagery  available  was 
some  three  to  four  months  behind  the  actual  date  and  of  little  value  for  other  than 
research  and  historical  purposes.  No  operational  use  for  this  data  was  found.  Late  in 
Phase  I,  however,  LANDSAT  imagery  which  coincided  with  the  aerial  photography  was  obtained 
and  showed  excellent  correlation  with  the  35mn  photographs  where  relatively  large  scale 
phenomena  were  involved.  In  addition,  the  scale  of  the  LANDSAT  imagery  allowed  ranch 
personnel  to  qualitatively  compare  their  results  with  those  of  neighboring  ranches  on  a 
broad  scale  for  the  first  time. 

Late  in  1973  the  first  LANDSAT  CCT's  over  the  area  were  obtained  and  input  to  IMAGE  100, 
General  Electric's  Multispectral  Image  Processing  System.  The  IMAGE  100  analysis  involved 
classification  testing  of  signatures  for  the  major  study  crops,  experimentation  with  signa- 
ture extension  techniques  between  two  of  the  firm's  ranching  areas,  and  differentiation  of 
variations  in  vigor  within  crops.  All  of  the  IMAGE  100  work  done  at  this  point  was  part  of 
the  learning  phase  effort  and  was  purposefully  experimental  and  preliminary  in  nature. 
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The  transition  from  Phase  I to  Phase  II  was  marked  by  a visit  of  key  ranch  personnel 
to  the  GE  IMA(£  100  facilities,  during  which  time  extensive  analysis  of  the  several  tapes 
acquired  was  conducted.  The  visit  was  interesting  in  two  aspects.  Until  this  point,  the 
ranch  people  had  only  been  exposed  to  LANDSAT  data  in  photographic  form,  and  although  trans- 
parencies and  prints,  at  various  scales  both  black  and  white  and  color,  had  been  acquired, 
the  ranch  personnel  found  little  of  interest  in  the  data.  This  was  due  at  least  in  part  to 
the  fact  that  the  data  was  always  several  months  old.  Once  they  were  exposed  to  the  capa- 
bilities of  machine  processing,  however,  the  entire  picture  changed.  They  began  immedi- 
ately to  understand  the  concept  of  multispectral  data  and  to  recognize  what  could  be 
derived  from  it.  In  this  respect  this  three  day  visit  not  only  marked  the  transition  frwn 
Phase  I to  Phase  II,  but  more  in^ortant,  it  marked  a significant  shift  in  emphasis  toward 
the  application  of  LMIDSAT  data. 

The  second  important  aspect  of  this  visit  was  the  amount  of  information  which  these 
professional  ranchers  were  able  to  derive  from  the  data  using  machine  processing  capabili- 
ties. Until  this  time,  GE  staff  personnel  who  had  spent  the  summer  on  site  had  used 
KiAGE  100  to  operate  on  the  data  as  described  above,  and  had  reported  excellent  results. 

For  the  most  part,  their  efforts  had  been  directed  at  signature  development  and  classifica- 
tion of  the  major  study  crops. 

The  ranch  perscxinel,  working  with  the  help  of  GE  staff  people,  tended  to  concentrate 
on  individual  crops  and  even  individual  fields,  and  their  knowledge  and  recall  of  conditions 
and  events  provided  a wealth  of  new  information  from  the  LANDSAT  data.  Classification  of 
major  crops  was  quickly  demonstrated  and  dispensed  with,  and  the  analysis  sessions  moved 
toward  the  identification  of  crop  varieties.  Three  separate  varieties  of  seed  alfalfa  were 
discriminated  and  accurately  classified,  all  within  the  same  image  and  all  planted  at  the 
same  time.  Two  adjacent  fields  of  safflower  showed  considerable  spectral  differences, 
although  no  difference  had  been  noted  in  visual  inspection  of  the  field  at  the  time.  This 
was  especially  significant  since  one  of  the  fields  had  produced  a much  lower  yield  than 
anticipated. 

Inyo  and  Anza,  two  varieties  of  wheat,  were  readily  separated,  as  were  several  areas 
of  lodged  wheat.  This,  too,  was  important  since  the  lodged  condition  was  not  known  at  the 
time,  and  the  field  had  been  irrigated  and  a large  section  had  been  destroyed. 


PHASE  II  - THE  PILOT  PROGRAMS 

Phase  II  took  place  from  March  through  December  1974,  and  consisted  primarily  of  two 
separate  but  related  pilot  programs:  routine  aircraft  remote  sensing  for  "real-time"  farm 

management,  and  the  use  of  LANDSAT  data  for  large  scale  crop  inventories. 

Aircraft  Survey  Program 

The  aircraft  survey  program  began  with  the  installation  of  a nine  inch  camera  in  one  of 
the  ranch  aircraft  in  April  1974  and  continued  through  September  1974,  the  major  part  of  the 
growing  season  for  cotton.  Color  infrared  film  (2443)  was  used  almost  exclusively.  The 
flight  plan  covered  thirty-five  thousand  acres  of  the  main  ranch,  plus  twenty  thousand 
acres  of  another  of  the  firm's  ranches  some  eighty  miles  to  the  south,  every  nine  days,  on 
a schedule  which  coincided,  again,  with  the  LANDSAT  eighteen  day  coverage  cycle. 

As  each  photo  mission  was  completed,  the  film  was  flown  to  a photo  lab  for  processing 
and  returned  to  the  ranch  for  examination  by  GE  and  ranch  personnel  within  twelve  hours 
after  acquisition.  The  results  of  the  analysis  were  recorded  and  subsequently  developed 
into  a set  of  photo  interpretation  references,  or  keys,  for  use  by  ranch  personnel.  The 
film  was  indexed  and  filed  by  field  with  a mission  number  cross  reference. 
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The  Imagery  found  application  across  the  spectrum  of  ranch  operations.  The  early 
detection  of  weeds  and  Insect  and  rodent  damage  were  among  the  first  results.  Cultiva- 
tion problems  such  as  planter  and  fertilizer  skips  were  also  quickly  Identified. 

Perhaps  even  more  Important,  a number  of  sibtle,  but  significant  phenomena  were  Identi- 
fied and  monitored  by  virtue  of  the  repetitive  coverage  provided.  The  affects  of  various 
crop  rotation  patterns,  for  example,  were  clearly  depicted  In  the  Imagery,  providing  a 
qualitative  If  not  quantitative  assessment  of  the  Impact.  The  evaluation  of  several  exper- 
iments Involving  crops,  cultivation  practices  and/or  equipment  also  benefited  from  the 
repetitive  Imagery. 

In  another  application,  soil  types  and  certain  mineral  (teficlencles  were  Identified 
and  mapped  over  both  the  major  areas  In  cultivation  and  several  new  areas  being  developed. 
These  results  provided  valuable  new  data  for  the  company's  land  Improvement  program,  and 
caused  several  changes  In  the  projected  program  schedule. 

Near  the  end  of  the  season,  repetitive  aircraft  Imagery  was  used  to  map  the  drying 
patterns  In  both  safflower  and  cotton.  These  maps,  in  turn,  were  used  to  schedule  the 
application  of  desiccants  prior  to  harvest. 

Clearly,  quality,  repetitive  coverage  by  aircraft  provided  valuable  new  data  for  ranch 
management,  andwhile  It  Is  unlikely  that  this  will  ever  replace  the  ground  level,  visual 
Inspection  to  which  they  are  accustomed.  It  does  provide  new  data  from  a new  viewpoint.  It 
has  also  provided  a permanent  photographic  record  of  the  1974  season  - an  exceptional  season 
In  view  of  the  unusually  low  Incidence  of  Insects,  disease,  and  other  problems  - as  a basis 
for  comparison  In  future  years. 

The  results  of  this  pilot  program  have  led  to  the  establishment  of  an  operational  sur- 
vey program.  The  flight  schedule  has  been  refined  to  maximize  coverage  during  critical  crop 
growth  periods,  supplemented  by  periodic  monitoring  and  special  purpose  flights.  The  opera- 
tional program  Is  being  carried  out  entirely  by  ranch  personnel. 


Crop  Inventory  Program 

The  utilization  of  LANDSAT  data  for  large  scale  crop  Inventories  was  of  great  Interest 
to  the  firm's  management.  Their  requirements  for  the  inventory  were  two-fold:  the  earliest 

inventory  of  acres  planted,  with  a corresponding  accuracy  of  ninety-seven  percent  or  higher. 
It  Is  interesting  to  note  that  the  emphasis  throughout  was  on  "acres  planted",  as  opposed  to 
yield.  This  results  from  the  fact  that  sufficient  historical  data  concerning  yield  already 
exists  for  their  purposes,  and  only  a measure  of  acres  planted  is  required. 

The  pilot  program  in  large  scale  crop  inventories  took  the  form  of  an  inventory  of 
cotton  ever  some  4.8  million  acres  of  the  San  Joaquin  Valley.  The  inventory  was  carried  out 
with  LANDSAT  computer  compatible  tapes  and  IMAGE  100. 

The  company's  ranch  served  as  the  training  and  test  site  for  signature  development. 

Six  different  signatures  were  developed  and  employed  to  test  extendabil ity.  These  involved 
various  spectral  resolutions  (32,  64,  and  128  levels),  as  well  as  standard  and  band-ratioed 
combinations.  All  six  signatures  were  applied  over  the  study  area,  so  that,  in  reality, 
six  inventories  were  performed.  The  results  were  compared  against  data  obtained  from  the 
California  Department  of  Agriculture. 

This  pilot  study  did,  in  fact,  produce  an  inventory  of  ninety-seven  point  two  percent 
accuracy  in  measuring  650,000  acres  of  cotton  In  the  4.8  million  acre  study  area.  This  was 
accomplished  using  L^DSAT  data  from  early  Septen<)er,  six  to  eight  weeks  before  harvest. 
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A pilot  stu4y  using  multi -temporal  classification  techniques  on  a sample  basis  was 
also  carried  out.  This  showed  that  the  same  inventory  could  be  produced  as  early  as  July, 
with  the  same  or  even  higher  accuracy,  using  data  obtained  on  only  two  dates.  The  stu(i|y 
also  showed  that  operational  inventories  of  this  type  could  be  carried  out  at  a cost  of 
much  less  than  one  cent  per  acre  inventoried. 

This  activity  demonstrated  both  the  effectiveness  and  the  efficiency  of  LANDSAT  data 
for  large  scale  crop  inventories  for  the  purposes  of  this  particular  agricultural  firm. 
Certain  technical  developments  are  currently  underway  which  will  even  further  improve 
efficiency  and  reduce  the  time  required  to  produce  the  operational  inventory  results.  What 
remains  is  the  need  for  a steady  flow  of  LANDSAT  digital  data,  in  a timely  manner,  to  make 
operational  inventories  a reality. 


SUMMARY 

The  program  described  here  represents  the  efforts  of  one  major  agricultural  firm  to 
become  familiar  with  and  apply  remote  sensin')  technology  in  its  primary  business  activities. 
Certainly  this  is  not  an  isolated  case,  but  the  study  as  a whole,  and  certain  of  the  results 
are  significant. 

This  particular  agricultural  firm  is  one  of  the  largest  and  most  successful  in  its 
field.  Until  this  study  began  the  company  had  no  form  of  remote  sensing  activity  other  than 
the  ranch  manager's  visual  inspection  of  the  field  from  the  air  two  or  three  times  per 
season.  The  success  of  this  company  is  due  largely  to  fertile  land,  an  ideal  climate,  and 
a group  of  dedicated,  experienced  professionals,  many  of  whom  have  been  farming  this  land 
for  almost  twenty  years.  The  ranch  manager,  for  example,  predicts  the  average  yield  for 
each  field  in  August,  eight  to  twelve  weeks  before  harvest,  and  consistently  produces  a 
98X  accurate  forecast.  Attempting  to  improve  on  this  level  of  performance  is  difficult 
to  say  the  least,  yet  the  study  did  demonstrate,  among  other  things,  that  a basic  form  of 
remote  sensing,  aerial  photography,  could  provide  valuable  new  data. 

It  is  important  to  recognize,  however,  that  from  the  company's  point  of  view,  the 
value  of  the  data  did  not  lie  in  the  ability  to  detect  weeds  and  pests.  These  benefits 
did  not  adequately  justify  the  cost.  The  real  value  lay  in  the  ability  of  the  imagery  to 
map  the  soils  and  minerals,  to  monitor  growth  in  new  development  areas,  and,  in  general, 
to  add  to  the  basic  knowledge  of  the  land.  The  benefits  ofmuch  of  what  was  learned  cannot 
be  measured  in  tangible  terms,  but  were  considered  sufficient  to  support  a continued,  opera- 
tional activity. 

Machine  processing  of  LANDSAT  digital  data  demonstrated  the  potential  for  applications 
in  both  ranch  management  and  large  scale  inventories.  This  was  recognized  early  in  the  pro- 
gram and  enthusiastically  supported  by  the  firm's  management.  LANDSAT  was  particularly 
suited  to  many  management  requirements  at  the  ranch  because  of  the  large  area  involved  and 
the  full  section  fields.  The  correlation  obtained  between  the  larger  scale  phenomena  identi- 
fied in  the  aircraft  imagery  and  those  subsequently  found  in  the  LANDSAT  data  was  excellent. 
This,  of  course,  leads  to  the  conclusion  that  LANDSAT  data  could  supplant  the  aerial  photo- 
graphy in  many  ranch  monitoring  functions  if  it  were  available  in  real  time.  As  a side- 
light, it  should  be  noted  that  the  combination  of  LANDSAT,  aircraft,  and  ground  truth  data 
collected  over  the  ranch  in  1974  comprises  perhaps  the  most  comprehensive  set  of  multistage 
sampled  agricultural  data  ever  acquired  in  that  area. 

The  application  of  LANDSAT  to  crop  inventories  was  amply  demonstrated,  and  since  the 
time  that  this  pilot  study  was  conducted,  GE  has  performed  a number  of  other  inventory  pro- 
grams, all  of  which  have  confirmed  or  improved  upon  these  results.  The  important  conclusion 
to  be  drawn  here  is  that  LANDSAT  data  and  the  current  machine  processing  technology  satisfied 
the  major  inventory  requirements  of  this  particular  company.  It  is  reasonable  to  assume  that 
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the  requirements  of  other  firms  could  be  satisfied  as  well.  Certainly  more  testing  and 
verification  are  required,  but  It  does  appear  that  the  tools  are  at  hand  to  satisfy  many 
of  the  Inventory  requirements  of  the  agricultural  community.  The  limiting  factor,  currently, 
Is  the  lack  of  data,  routinely.  In  the  time  frame  which  these  users  require.  Operational 
applications  In  both  ranch  management  and  large  scale  Inventories  require  data  In  a time 
frame  !jteas,u red  In  days  end  perhaps  weeks,  certainly  not  months.  It  Is  difficult  to  Imagine 
how  one  can  look  for  this  klnd-'of  utilization  among  the  professional  agricultural  community 
until  this  capability  Is  provided. 
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PRACTICAL  APPLICATION  OF  REMOTE  SENSING  IN  AGRICULTURE 


A-18 


By  Richard  A.  Phelps,  Anderson,  Clayton  & Co.,  Houston,  Texes 

ABSTRACT  N-76- 17486 

During  the  pest  few  years  Anderson  Clayton  has  utilised  in  their  remote  sensing  pro- 
gram imagery  from  several  types  of  platforms  from  light  aircraft  to  the  LANDSAT  (ERTS) 
satellites.  We  prefer  inexpensive  imagery  over  expensive  magnetic  tapes.  Emphasis  has 
been  on  practical  application  of  remote  sensing  data  to  increase  crop  yield  by  decreasing 
plant  stress,  disease,  weeds  and  undesirable  Insects  and  by  improving  irrigation.  Imagery 
obtained  frem  low  altitudes  via  aircraft  provides  the  necessary  resolution  and  complements 
but  does  not  replace  data  from  high  altitude  aircraft,  Gemini  and  Apollo  spacecraft,  Sky- 
lab  space  station  and  LANDSAT  satellites,  federal  government  centers  are  now  able  to  sup- 
ply imagery  with-'n  about  thirty  days  from  date  of  order  and  deserve  to  be  commended. 
Nevertheless,  if  the  full  potential  of  space  imagery  in  practical  agricultural  operations 
is  to  be  realized,  the  time  span  from  date  of  imaging  to  user  application  needs  to  be 
shortened  from  the  current  several  months  to  not  more  than  two  weeks. 


INTRODUCTION 

Ity  company  and  I sincerely  appreciate  the  invitation  to  report  our  remote  sensing 
activities  at  this  Earth  Resources  Survey  Symposium. 

Mr.  Ronald  Reagan,  before  he  beerme  Governor  of  California,  and  when  he  was  sponsored 
by  a company  heavily  involved  in  the  space  program,  used  to  present  a stirring  speech  to 
groups  all  over  the  United  States  (1).  My  wife  and  1 were  fortunate  enough  to  be  in  the 
Dallas  Freedom  Forum  audience  one  night  in  February,  1962  when  he  was  interrupted  by 
applause  31  times  during  delivery  of  what  came  to  be  called  "The  Speech". 

My  original  reason  for  mentioning  "The  Speech"  was  that  after  reviewing  material  for 
this  talk  I realized  that  more  or  less  the  same  speech  had  been  given  idien  our  company  was 
invited  to  participate  in  remote  sensing  sessions  in  Tucson  (2),  Memphis  (3),  Phoenix  (4), 
NASA-JSC  (5),  Galveston  (6),  and  in  Washington  (7).  Obviously  it  was  time  to  prepare  en- 
tirely new  material.  Of  course,  if  there  had  been  an  opportunity  to  present  the  talk  a few 
thousand  times,  with  new  slides,  then  Mr.  Reagan's  style  might  be  emulated  a little  more 
than  will  be  obvious  today. 

Before  leaving  the  subject  of  Mr.  Reagan's  speech,  an  address  1 highly  recommend  to 
anyone  concerned  about  the  future  of  the  country  and  the  space  program,  let  us  use  a por- 
tion of  it  to  relate  current  world  conditions  to  agriculture.  On  page  7 of  the  February 
1962  speech  Mr,  Reagan  quoted  a former  Director  of  the  Budget  as  follows,  "The  greatest 
threat  to  our  nation  today  is  not  Berlin  nor  is  it  Viet  Nam,  or  the  Congo,  or  Laos.  It  is 
the  precarious  situation  of  our  balance  of  International  payments  and  with  it  the  potential 
erosion  of  the  world's  confidence  in  the  dollar." 

In  1974  the  United  States  exported  agricultural  cocmoditles  valued  at  approximately 
22  billion  dollars  while  importing  only  about  10  billion  dollars  worth  (6).  Yet  during  the 
same  period  we  exported  nonagricultural  goods  valued  at  75  billion  dollars  while  importing 
90  billion  dollars  worth.  Thus  despite  almost  a 12  billion  dollar  trade  surplus  of  agricul- 
tural goods  from  efficient  American  agriculture  we  ended  the  year  with  a total  trade  deficit 
of  over  1.5  billion  dollars  (9). 

A thought  provoking  analysis  of  our  agricultural  exports  by  a former  member  of  the 
Hudson  Institute  contains  the  following  sentence  in  the  preface,  "American  dominance  of  the 
agricultural  export  market  is  greater  than  Arab  dominance  of  the  petroleum  market"  (10). 
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Th«  main  body  of  the  report  provides  impressive  supporting  evidence.  Thus,  the  value  of 
the  dollar  and  our  political  Inf luence  In  the  world  seems  to  depend  on  maintaining  an  ef£i> 
dent  agricultural  system.  Furthermore,  we  must  accomplish  this  in  the  face  of  increased 
problma  created  by  people  who  appear  to  many  agriculturists  to  do  a remarkable  Job  of  con- 
cealing any  knowledge  they  may  have  of  agriculture.  Yet  these  same  people  distinguish 
thanselves  by  generating  regulations  which  lead  directly  to  increased  food  costs  for  all  of 
us.  America  certainly  nerds  whatever  production  efficiencies  csn  result  from  the  wealth  of 
remote  sensing  data  being  generated.  Let  us  turn  to  the  practical  application  of  this  data. 


1971-73  REMOTE  SENSING  ACTIVITIES 

Our  remote  sensing  efforts  from  the  spring  of  1971  through  the  fall  of  1973  have  been, 
outlined  in  several  reports  (2-7),  so  I hope  a brief  summary  will  suffice. 

Our  main  objectives  have  been  to  utilize  color  infrared  ^otography  and  scanner  data 
for  (a)  detecting  potential  areas  of  severe  disease  and  insect  infestation  in  cotton  and  (b) 
for  improving  irrigation,  weed  control,  etc.,  in  a wide  variety  of  crops. 

The  initial  experience  with  color  infrared  photography  of  conmercial  fields  encouraged 
us  to  "back-track"  to  experimental  plots  tdiere  we  could  more  easily  correlate  false  color 
tones  with  Irrigation  treatments,  cotton  varieties,  weeds,  etc.  When  we  returned  to  the 
study  of  c(»anerclal  fields  we  were  able  to  differentiate,  via  color  infrared  film,  several 
types  of  weeds,  short  vs.  long  staple  cottons,  land  leveling  scars,  water  stress,  inadequate 
irrigation,  salinity  effects,  herbicide  dmnage,  wilt  disease,  etc.  We  are  still  unable  to 
identify  nematode  damage  in  commercial  fields  via  color  infrared  photography  and  have  de- 
tected several  unusval  tone  patterns  which  remain  unexplained. 

In  earlier  reports  we  also  indicated  that  our  choice  of  color  infrared  photography  and 
infrared  scanner  data  was  governed  by  practical  considerations.  We  stf.lT  believe  it  was 
the  proper  choice  but  realize  that  other  portions  of  Che  electronagnetlc  spectrum  yield 
valuable  data. 

In  previous  talks  we  commented  on  the  apparent  dearth  of  qualified  interpreters  of 
color  Infrared  (false  color)  film,  at  least  as  far  as  cotton  ic  concerned.  We  still  have 
not  located  the  perso>:  can  look  at  film  of  commercial  cotton  fields  and  differentiate, 

for  example,  cotton  stressed  for  water  vs.  cotton  infected  with  nematodes. 

The  serious  problem  of  excessive  delays  in  obtaining  satellite  and  other  types  of  re- 
mote sensing  data  through  the  EROS  Data  Center  was  also  mentioned  in  earlier  reports.  Dur- 
ing the  past  few  months  the  EROS  Data  Center  has  greatly  improved  their  service  and  deserve- 
to  be  commended.  Until  the  time  period  from  satellite  sensing  to  user  receipt  is  shortened 
to  about  two  weeks,  however,  agricultural  application  of  such  data  cannot  achieve  full  po- 
tential. 


1974  REMOTE  SENSING  PROJECT 

During  the  sumner  of  1^<4  we  filmed  more  than  ‘‘0,000  acres  of  cotton  in  Central  Arizona 
as  part  of  our  conLlnulng  program  to  detect  and  control  a damaging  boll  rot  problem  and  to 
Improve  cotton  cultural  practices. 

In  earlier  reports  we  emphasized  the  serious  nature  of  the  boll  rot  problem.  A parti- 
cular type  of  hot  weather- loving  mold  Infests  cotton  bolls  that  have  been  previously  attack- 
ed by  Insects  and  produces  undesirable  by-products  in  the  unharvested  bolls.  These  mold 
products  remain  in  the  cottonseed  during  harvest  and  survive  the  high  temperature  and  pres- 
sure used  to  convert  the  cottonseed  into  cottonseed  meal  used  for  animal  feed.  If  the  cot- 
tonseed meal  contains  more  than  0.000002%  of  these  mold  products  the  meal  cannot  be  shipped 
Interstate. 

The  small  amount  of  mold  products,  0.000002%,  may  be  more  easily  perceived  if  viewed 
in  the  context  of  space,  time  and  joy.  Twenty  parts  per  billion  (0.000002%),  or  20  micro- 
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grass  per  kllograsii  It  about  20  feet  along  a line  to  the  moon  or  20  seconds  in  32  years. 
For  the  dry  martini  connoisseur  it  is  20  Jiggers  of  vermouth  in  1000  railroad  tankcars  of 

gin. 


Extensive  field  sampling  of  cotton  during  the  past  few  years  has  indicated  that  most 
of  the  boll  rot  problem  in  ArlaonSi  for  example,  was  confined  to  the  lower  elevations  and 
appeared  to  be  more  of  a problem  near  irrigation  canals  and  citrus  orchards.  Since  we  ex* 
pact  high  humidity  near  canals  and  know  that  citrus  trees  are  planted  in  what  are  hoped 
will  be  frost'free  areas  we  have  some  Important  clues  to  our  problem.  Nevertheless  we  were 
still  unable  to  locate  anyone  who  could  with  certainty  identify  which  cotton  fields  con- 
tained seed  with  the  mold  by-products.  The  only  way  to  be  certain  that  cotton  bolls  in  a 
particular  field  contained  the  mold  products  was  to  harvest  several  samples  of  100  bolls 
each,  remove  the  lint  (gin),  dehull  the  seed,  grind  the  kernels  and  analyze  the  extracted 
grmind  kernels  by  a laborious  chemical  test  called  thin  layer  chromatography.  With  425,000 
acres  of  cotton  in  Arizona  yelldlng  over  260,000  bolls  per  acre  (at  2 bale/acre  yield)  or 
167  million  bolls  per  section  (1  square  mile  or  640  acres)  of  land,  it  is  easy  to  see  the 
ia^racticallty  of  widespread  field  sampling  by  conventional  methods. 

Several  years  ago  we  tried  to  develop  a more  sophisticated  system.  A 70  acre  field  of 
Arizona  cotton  that  Herb  Schumann  of  the  USGS  had  photographed  with  color  infrared  film  on 
severe!  occasions  during  the  peak  of  the  growing  season  was  sampled  extensively.  We  learn- 
ed fron  that  study  that  the  mold  products  were  more  prevalent  in  the  over- irritated  por- 
tions that  could  be  detected  by  heavy  leaf  canopy  and  crimson  tone,  and  were  essentially 
absent  from  water  stressed  (under-irrigated)  portions. 

In  the  summer  of  1974  we  extended  the  above  study  to  more  than  10,000  acres.  Unfor- 
tunately, Mother  Nature  did  not  cooperate  because  we  could  not  find  an  area  within  the 
10,000  acres  that  displayed  a high  level  of  the  mold  products.  The  highest  level  found, 
however,  was  in  an  area  of  relatively  rank,  solid  planted  cotton.  We  are  reasonably  cer- 
tain that  Improper  irrigation,  failure  to  dissipate  humidity  beneath  the  leaf  canopy  and 
poor  insect  control  are  major  factors  in  producing  the  boll  rot-mold  product  complex.  We 
are  also  attempting  to  solve  the  problem  by  genetically  altering  the  cotton  plant. 

Unfortunately  we  have  not  adequately  measured  the  role  of  Insects  in  the  mold  problem. 
Most  of  the  boll  rot  and  much  of  the  Insect  damage  is  usually  on  the  lower  third  of  the 
cotton  plant  and  shielded  from  view  by  the  extensive  leaf  canopy.  In  addition,  the  boll 
rot  and  associated  ultraviolet  fluorescing  lint  are  usually  inside  an  unfluffed  cotton  boll 
and  not  detected  until  the  boll  is  tom  apart.  Consequently  we  have  been  forced  to  employ 
Indirect,  rather  than  direct,  means  of  detecting  the  condition  by  remote  sensing.  If  the 
sophisticated  and  capable  engineers  are  able  to  develop  a direct  and  practical  method  for 
detecting  internal  boll  ret  and/cr  associated  mold  problems,  they  will  receive  considerable 
attention. 

Mnlle  this  talk  has  concentrated  on  the  boll  rot  aspect  of  our  1974  project,  we  did 
study  and  detect  other  serious  cotton  problems.  Cotton  stunted  from  presently  unknown 
causes,  root  rot,  water  stressed  cotton,  unfavorable  soil  conditions,  etc.  were  all  clearly 
visible  on  the  film. 

One  unexpected  result  from  the  1974  filming  was  the  detection  of  a 230  ft.  x 100  ft. 
NW-SE  oriented  rectangle  in  one  of  the  Arizona  cotton  fields.  The  rectangle  had  not  been 
detected  prior  to  developing  the  film  despite  considerable  activity  within  and  around  the 
field.  Within  the  rectangle  the  cotton  was  approximately  a foot  taller  than  surrounding 
cotton  in  the  same  field  and  displayed  more  wilt.  High  altitude  January  film  of  the  same 
area  indicated  the  rectangle  may  be  at  least  partially  visible  when  the  field  is  fallow, 
but  a ground  check  in  April  1975  showed  no;.hing  but  a slight  ground  depression  in  one  por- 
tion of  the  rectangle.  The  purpose  and  origin  of  the  rectangle  remain  a mystery,  but  pos- 
sibly the  archaeologists  have  a ready  explanation. 
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•HWIISBXXXNS"  OF  SBt  SPACE  PID6BAM  BBffiFITS 

Ourias  th«  past  f«v  aimtha  y b«v«  reeetvad  lavaral  cwiimlc  ittoaa  lAitch  eentaiaad 
erl*-'?lMi  of  tho  opoeo  prosr«i.  Iho  cniion  eoHptolnt  oo«m  cn  bo  **OtroraoUios”  of  tha 
proftm  oad  porticulorly  tho  eopablUty  of  tbo  XAXD8AT  oatollito*  It  wLtbt  bo 
ptoforoblo  ^0  toxa  It  "lapropor  solliat^*  tit  hovo  found  lAHDSAI  otid  Skplob  troatporoneloo 
to  bo  voxy  bolpful  for  (o)  providiiis  rolotivo  crop  and  ooil  eondltloat  ovor  vtdo  oroor, 

(jb)  poiBittlns  eonpoxloon  of  ono  or  noro  cropt  botuoon  odjoeosit  fotnt,  <e)  o»o«uzlDg  ro- 
lotivo  aerotgo  of  a particular  crop  vlthin  a targe  ar«a»  (d)  "loamiag  tbo  territory'*, 
ote«  Kasnotie  tapoa  eanaot  avibatituto  for  iatgory  for  aooo  of  cfao  above  objoctivoo.  If 
«o  ooad  datailod  data  on  vooda,  iTrigation,  etc*,  vo  oao  largo-tealo  aircraft  iaagory. 
Ihoro  ia  no  aoto  roaaon  to  oxprdt  tho  lAHPSAI  aatollito  to  dotoet  laall  area  word  pmbloaa 
tbaa  tboro  ia  to  expect  tho  Qaaui  Mary  to  tow  a viator  ablox.  laaliution  of  t^o  pr^or 
role  of  oadi  typo  of  "platfont"  tonaor,  tape  and  laaso  ahouid  xodueo  tbo  coavlainca  and 
tneroaao  tbo  approciatira  of  this  anat  valuable  "tool"  for  agricultoto. 
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The  preceedtt»g  ptperi  have  told  us  the  job  can  be  done.  Now.  let's 
look  at  why  It  needs  to  be  done.  Ue  hear  and  read  dally  In  the  news  nedla 
that  world  population  problens  are  leading  to  world  food  shortage. 

First.  let's  set  the  stage  as  to  why  rewote  sensing  Is  needed  In 
agriculture  and  more  specifically  In  relation  to  the  marketing  of  agricul- 
tural commodities  by  looking  at  the  1?€0's.  In  1960.  we  had  enormous  stocks 
of  grains  In  the  U.S,  and  throughout  the  world.  Crop  disasters  developed 
early  In  the  GO'S  In  a few  parts  of  the  world.  By  m1d-19C0.  our  Secretary 
of  Agriculturb  was  telling  us  the  United  States  had  the  responsibility  of 
feeding  the  world.  This  was  a little  premature  since  there  still  existed 
means  by  which  the  producers  of  the  world  could  recover  from  this  disaster. 
Expanded  c>*op  land  area,  coupled  with  good  weather,  led  to  the  recovery,  and 
once  again  grain  surpluses  occurred.  However,  this  recovery  was  only  for 
the  short  run. 

Noving  Into  tne  1970's,  the  U.S.  was  Immediately  confronted  with  a 
combination  of  corn  blight  and  drought.  This  was  probably  one  of  the  worst 
crop  disasters  that  had  confronted  a single  crop  since  the  potato  famine  In 
Ireland  1u  the  1800's.  In  1971.  grain  crops  were  good  throughout  the  world. 
Then  1972  cane  with  adverse  weather  early  in  the  year  in  Australia  and 
Argentina.  A poor  winter  In  the  U.S.S.R.  was  followed  by  a poor  growing 
season  for  small  grains.  Suddenly  the  fish  were  gone  from  the  coasts  of 
Peru.  In  'ate  1972.  excessive  rain  hit  the  U.S.  harvest.  Early  1973  drought 
occurred  In  South  Africa  followed  by  excessive  rains  at  harvest  time  in 
Argentina.  Thus,  suddenly  the  demands  for  grain  were  greater  than  the  1972 
supplies  ar.d  large  quantities  of  the  then  existing  surpluses  were  utilized. 

In  1974.  Ofice  again  there  were  many  problems  cs  excessive  rain  delayed 
planting  of  the  U.S.  crop  followed  by  a mid-summer  drought  and  early  crop- 
hilling frost:<.  Excessive  rains  have  once  again  hurt  the  Argentina  harvest 
In  early  1975  and  Australia,  which  had  poor  weather  last  year,  is  continuing 
to  be  confronted  with  dryness.  Lats  planting  seasons  occurred  in  Europe 
while  severe  drought  sharply  reouced  production  in  North  Africa. 

Along  with  this,  we  had  the  affluent  societies  of  the  world  in  1972 
demanding  less  carbohydrates  and  more  proteins.  The  free  economies  had  more 
money  to  spend  and  the  state  controlled  economies  wanted  to  upgrade  their 
standards  of  living. 

The  result  has  been  the  depletion  of  world  surpluses.  We  have  not 
bean  able  to  recover  quickly  as  we  once  could,  land  Is  now  a limiting  factor 
and  where  there  are  expansion  areas  in  the  world,  they  are  slow  in  developing 
due  to  political  or  economic  reasons. 
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In  looking  to  what  lies  ahead,  we  have  Bangladesh  where  there  are  seven 
births  each  nlnute;  India  where  the  population  density  Is  over  425  per 
square  wile.  Medical  care  In  aany  parts  of  the  world  extends  the  survival 
of  Infants  considerably  froa  that  of  a few  years  ago.  World  population  by 

19llb  will  be  up  13  percent  and  we  will  have  over  4.25  billion  Inhabitants. 

’ • * * * 

Als  Is  the  stage  that  Is  set.  To  solve  this  situation,  we  need  an 
Inforaed  public.  Why  an  Inforaed  public?  Because  an  Inforaed  public  oper- 
ating In  the  market  place  provides  an  orderly  market  place.  There  will  be 
less  risk  Involved  and  all  Involved,  even  the  farmer,  have  the  opportunity 
to  maximize  their  profits. 

In  looking  at  today's  world  Information  systems,  we  have  a few  coun- 
tries that  are  sophisticated  data  collectors;  we  have  a group  of  countries 
that  may  be  sophisticated  but  they  won't  release  their  Information  because 
of  political  reasons;  and  there  are  countries  with  essentially  no  Informa- 
tion. Ue  must  keep  In  mind  that  unbiased  statistics  are  not  manufactured 
but  are  collected. 

With  an  Informed  public,  the  farmer  and  agri-business  community  can 
react.  Today,  we  are  at  a disadvantage  in  the  world  because  of  lack  of  In- 
formation. If  we  knew  the  exact  situation,  transportation  systems  could 
distribute  agricultural  commodities  more  efficiently.  The  merchant  could 
have  a competitive  advantage  and  operate  on  a lower  Margin.  The  affluent 
consumer  throughout  the  world  would  not  have  to  over-react  and  hoard  foods. 
The  best  examples  are  the  scare  we  had  on  meat  two  years  ago  and  more  re- 
cently the  sugar  shortage. 

If  we  are  to  solve  these  problems,  we  need  a better  worldwide  Informa- 
tion system.  Little  can  be  done  to  Improve  the  sophisticated  countries, 
only  their  warning  system  can  be  Improved.  However,  much  can  be  done  to 
Improve  the  systems  of  the  unsophisticated  data  collectors  of  the  world. 

Remote  sensing  offers  the  basis  for  a uniform  Information  system.  It 
has  the  ability  to  give  worldwide  coverage  on  a continued  and  timely  basis. 

The  kind  of  Information  that  remote  sensing  could  provide  to  the  sophis- 
ticated countries  would  be  an  early  warning  of  crop  stress;  be  It  moisture, 
disease.  Insects,  or  crop  progress  development.  In  all  other  countries, 
remote  sensing  could  provide  a basic  cropland  Inventory  so  that  everyone  has 
a common  base  to  work  from.  Once  the  base  was  obtained,  these  countries 
would  also  need  early  warning  of  crop  stress  factors. 

After  we  have  learned  how  to  handle  the  crop  stress  factors,  we  will 
learn  how  to  develop  crop  yields,  which  countries  that  are  not  currently 
surveyed  by  other  means  could  utilize.  Other  disciplines  working  on  soil 
moisture  and  temperatures,  etc.  would  be  utilized  In  understanding  crop 
yiel ds . 

In  conclusion,  we  need  an  information  system  that  collects  crop  data  on 
a comparable  and  timely  basis.  This  system  must  then  Inform  the  Individual 
countries  and  the  world  so  that  the  market  place  can  be  alerted  to  taking 
corrective  action.  Again,  remote  sensing  offers  that  basis. 
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WILDLIFE  KANAGEHENT  BY  HABHAT  UNITS  — K PRELIMINARY  PLAN  OF  ACTION 

By  Carl  D.  Frentreas,  Wildlife  BiologisC»  and  Roy  G.  Frye,  Wildlife 

Biologist,  6120  Highway  290  West,  Austin,  Texas  ^ 

ABSTRACT  N76-1.7487 

The  Texas  Parks  and  Wildlife  Department  recognizes  the  need  for  managing  populations 
of  wildlife  species  by  defined  area  units.  A data  stratification  scheme  is  required  to 
investigate  species  peculations  for  the  purpose  of  identifying  unit  boundaries.  Vegetation 
type  maps  are  coesnnly  used  to  stratify  data  collection  points,  and  subsequently  delineate 
boui^aries  of  homogeneous  populations. 

Procedures  for  yielding  vegetation  type  maps  were  developed  using  LANDSAT  data  and  a 
coicuter  assisted  classification  analysis  (LARSYS)  developed  by  Purdue  University.  Ground 
cover  in  Travis  County,  Texas  was  classified  on  two  occasions  using  a modified  version  of 
the  unsupervised  approach  to  classification. 

The  first  classification  produced  a total  of  17  classes.  Examination  revealed  that 
further  grouping  was  justified.  A second  analysis  produced  10  classes  %diich  were  display- 
ed on  printouts  which  were  later  color-coded.  The  final  classification  was  82  percent 
accurate.  While  the  classification  map  appeared  to  satisfactorily  depict  the  existing 
vegetation,  two  classes  were  determined  to  contain  significant  error. 

In  the  eastern  portion  of  the  county  eastern  red  cedar  (Juniperus  virginiana)  inter- 
mixed with  post  oak  (Quercus  stellata)  was  classified  as  an  ashe  juniper  (Juniperus  ashei)- 
live  oak  (Quercus  virginiana)  association.  Also  the  class  representing  a composite  of  ashe 
juniper,  live  oak,  mesquite  (Prosopis  glandulosa) . and  bluestem  (Schizachyrium  spp.  and 
Bothriochloa  spp.)  of  various  physiognomic  patterns  as  depicted  on  the  classification  map 
did  not  in  some  cases  match  species  composition  on  the  ground.  A review  of  the  procedures 
indicated  that  the  major  sources  of  error  could  have  been  eliminated  by  stratifying  cluster 
sites  more  closely  among  previously  mapped  soil  associations  that  are  Identified  with  part- 
icular plant  associations.  This  could  have  served  as  a safeguard  to  prevent  overlooking  a 
vegetational  class.  Also,  error  could  have  been  reduced  by  precisely  defining  class  nomen- 
clature using  established  criteria  early  in  the  analysis.  A procedural  plan  has  been  de- 
veloped which  reflects  modifications  of  the  initial  procedures  developed  in  the  Travis 
County  study. 


INTRODUCTION 

Texas  is  experiencing  rapid  changes  in  land  use.  Domestic  pasture  grasses  have  been 
planted  on  many  former  croplands  and  woodlots.  Ranch  lands  are  being  sold  to  developers 
and  parceled  out  as  "ranchettes",  resorts,  or  suburban  developments.  Even-age  silviculture 
with  its  attendant  monotypic  character  is  now  practiced  over  much  of  the  Pineywoods  ecolog- 
ical region,  and  brush-clearing  has  greatly  increased  in  the  South  Texas  Plains.  All  of 
these  changes  have  serious  detrimental  effects  on  wildlife.  Natural  habitats  are  shrinking 
drastically  while  the  consumptive  and  nonconsumptive  demand  for  wildlife  increases.  Thus, 
a vital  need  exists  to  Inventory  the  remaining  wildlife  habitat. 

The  objective  of  this  pilot  study  was  to  develop  techniques  for  producing  ground 
cover  type  maps  compatible  with  current  needs  in  wildlife  management  in  Texas.  Such  an 
inventory  is  necessary  for  two  different  but  related  raasons.  The  first  relates  to  game 
management.  During  1974  the  Wildlife  Division  of  the  Texas  Parks  and  Wildlife  Department 

implemented  a series  of  programs  based  on  species  management  concepts.  These  programs  re- 
quire an  evaluation  of  wildlife  species  populations  and  their  portrayal  by  management  units. 

1/  A contribution  from  Federal  Aid  to  Wildlife  Restoration  Program,  Texas,  Pittman- 
Robertson  Project  W-107-R. 
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By  atratlfylng  nuL«ur«Mata  of  anlaal  population  dynaalea  within  plant  aaaoelatlona*  blo- 
loglata  cui  obtain  a naaaura  of  tha  eharactar  and  axtant  of  hoaMganaoua  populatlona.  Bio* 
loglata  Bay  than  bagln  to  dallnaata  apaelaa  Banagaaant  unlta.  Dallnaatlon  of  aanaganant 
unlta  la  aaaantlal  for  tha  datarmlnatlon  of  carrying  capacity,  ranga  condition,  harvest 
racooBandatlona,  and  pt^latlon  tranda  . 

Tha  second  raaaon  for  thla  Inventory  partalna  to  long*ranga  planning.  By  knowing 
tha  Identity,  location  and  quality  of  tha  natural  habltata  and  the  Impinging  factora,  nana* 
gara  nay  bagln  to  propose  rational  altarnatlvas  to  nlnlBlsa  losses  of  habitat  brought  on 
by  Industrialisation,  urbanisation,  water  davalopaent  projects,  and  other  land  uses. 

The  Inadequacy  of  previous  techniques  for  large-area  mapping  of  ground  features  la 
reflected  In  tha  existing  vegetation  mapping  literature  for  Texas.  Vlnkler  (1)  presented 
an  account  of  the  activities  of  early  botanists  working  In  Texas.  Most  of  the  subsequent 
works  were  descriptive  only  In  florlstlc  teru,  or  were  regional  In  application  (2,  3,  4, 

S,  6,  7 and  8).  Tharp  (9),  Gould  (10),  and  Kuchler  (11)  have  published  statewide  present- 
ations of  vegetatlonal  areas  of  Texas;  however,  the  contents  are  too  gross  for  proposed 
wildlife  management  objectives. 

The  advent  of  remote  sensing  techiMlogy  has  opened  new  swans  of  evaluating  the  en- 
vlrotswnt  for  natural  resource  managers  (12,  13).  Initial  applications  of  remote  sensing 
products  In  the  United  States  Involved  Interpretation  of  hlgh-altltude  aerial  photography 
or  orbital  Imagery  as  exemplified  by  MacConnell  and  Carvln  (14),  Hay  (15),  and  OR*>:<iin 
atsl  Ifyers  (16).  However,  the  versatility  and  objectivity  of  computer  assisted  analysis  of 
digital  data  from  spacecraft  equipped  with  nuiltlspectral  scanners  is  now  being  tapped  for 
large-area  Imod  Inventories  (17,  18,  19).  Coi^uter  technologists  have  developed  opera- 
tional or  near-operational  hardware  and  software  to  serve  land  resources  analysts  in  this 
capacity  (20,  21,  22).  Current  trends  Indicate  a r^ldly  expanding  field  of  remote  sens- 
ing technology  which  has  application  to  wildlife  management,  particularly  In  the  area  of 
habitat  mapping. 


STUDY  AKE4 

Travis  County,  located  In  south  central  Texas,  is  considered  to  be  one  of  the  most 
topographically  diverse  counties  In  the  state.  The  occurrence  of  the  Balcones  escarpment 
which  runs  through  the  center  of  the  county  creates  two  major  geographical  areas,  each 
possessing  significant  topographical  features.  The  western  portion  of  the  county  is 
characterized  by  higher  elevations,  steeply  sloping  hills  and  ravines,  abundant  cliffs  and 
limestone  outcroppings,  and  generally  shallow  soils.  This  region  represents  part  of  the 
eastern  edge  of  the  Edwards  Plateau.  The  eastern  portion  of  the  county  exhibits  generally 
flat  or  gently  sloping  terrain,  with  shallow  to  deep  soils  and  Is  within  the  Blackland 
Prairie  ecological  region. 

Such  topographical  differences  permit  the  occurrence  of  nianerous  and  diverse  plant 
coBDunltles . The  dominant  woody  plant  species  in  the  western  portion  Include  mesqulte, 
ashe  Juniper,  live  oak  and  Texas  oak  (Quercus  texana) . Ranching  Is  the  predominant  land 
use  activity  In  the  western  portion  of  the  county. 

Eastern  Travis  County  supports  mesqulte,  eastern  red  cedar,  live  oak,  post  oak  and 
bluestem  grasses  on  the  upland  areas,  with  hackberry  (Celtls  laevlaata).  cedar  elm  (Ulnus 
crasslfolla).  and  pecan  (Carva  llllnoenals)  occurring  in  lowland  areas.  Additionally,  a 
large  portion  of  the  eastern  half  of  the  county  Is  used  extensively  for  agriculture.  Cot- 
ton and  grain  sorghum  serve  as  the  main  crops.  The  central  portion  of  the  county  contains 
the  city  of  Austin  with  Its  associated  suburbs. 

METHODS 

A modified  version  of  the  unsupervised  classification  approach  was  employed  to  pro- 
duce a classification  map  of  Travis  County.  This  was  a test  analysis  to  develop  procedures 
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for  produeini  elaailfleatlea  Mpt  ov«r  th«  •aelt*  stat*.  Xha  uaauparvlaad  taelmiqua  la  an 
aaalyalt  approaoh  davalopad  by  tha  Laboratory  for  Applieatlona  of  Haaota  Sanaing  (L4M), 
hurdua  Ualvaraleyt  Vaat  Lafayatta«  ZndlaM*  for  ie  with  thalr  eoaputar>aaalatad  analyala 
ayataa  (LABSYS-Laboratory  for  Applleatimia  of  Sat^jia  Sanalag  Syata^.  Digital  data  obtain* 
ad  March  I7,  1973.  fraa  LARDSAI  vara  uaad  for  thia  elaaaifieatioa. 


lha  unauporviaod  approach  eoaaiata  of  dataraiaiag  apaetrally  diatiaet  claaaaa  vithla 
portimia  of  a acaaa  uaiag  a eluatarlag  algoritha  (Appaadix  4>  and  latar  idantifyiag  thaaa 
apactral  claaaaa  aa  diffaraat  typaa  ! eovar.  Tha  affieiancy  of  thia  preeadura  «aa 

iacraaaad  by  atratifying  tha  location  of  tha  eluatar  aitaa  according  to  tha  pradatamiaad 
gaaaral  diatributioa  of  ground  cover  claaaaa. 

Grayacala  priatouta  ahowiag  raw  data  for  Travia  County  and  vicinity  ware  ganaratad 
at  avary  fifth  pixel  in  each  of  tha  four  chantMla  of  LAMDSAT  data.  A pixel  ia  tha  mallaat 
raaolvabla  alaaiuit  ia  aultiapaetral  aeannar  data.  Tha  printout  for  tha  near  inf  rar^  chan- 
nel was  uaad  aa  an  orientation  baaa  ainca  tha  bodiaa  of  water  and  aajor  hi^waya  ware  beat 
defined  in  this  channel  and  cwild  ba  outlined  with  aap  pancila. 

Thaaa  grayscale  printouts  of  avary  fifth  pixel  ware  ainilar  in  acala  to  tho 
1:126.000  acala  general  highway  naps  for  eountiaa  in  Taxes.  Consequently,  nora  orientation 
faaturas  could  ba  narked  by  overling  tha  printout  on  a ganaral  hi^tway  nap  for  Travia 
County. 

Aerial  photography  of  Travis  County  with  an  approximata  acala  of  1:63.000  waa  uaad  to 
stratify  tha  eluatar  aitaa.  All  portions  of  tha  photographa  ware  viaually  examined  to 
aaeartain  ganaral  topographical,  ud  phyalognooie  charactariatieo.  Stratification  waa 
aecoivliahad  by  uaing  thaaa  obaarvationa  to  datamiM  tha  location  of  najor  plant  aaaoeia* 
tiona.  water  bodiaa.  and  araaa  heavily  influenced  by  nan.  A total  of  13  aitaa  waa  aalaet* 
ad  for  uaa  in  tha  cluataring  procaaa  (fig.  1).  A najocity  of  thaaa  aitaa  contained  2500 
pixala.  A wariiw  claaa  notation  (naxlmwi  but  variable  nunbar  of  claaaaa  that  tha  cluatar- 
ing function  will  depict)  value  of  eight  waa  daaignatad  on  tha  control  carda  for  aach 
eluatar  aita.  Printed  output  included  eluatar  napa  for  each  aita  and  aaparabillty  infozna- 
tion  from  the  intarelaaa  dlvarganeaa  for  each  aita.  Punched  output  included  training 
field  daacriptlon  carda  for  aach  apactral  claaa  occurring  within  aach  aita.  A training 
fiald  ia  a sat  of  data  tha>'  sapraaanta  a class  to  ba  dalinaatad.  Tha  aaparabillty  infoxna- 
tion  waa  uaad  to  groi^  spaetnl  elaasas  and  datamina  whether  a larger  maxliwan  class  value 
waa  needed.  Claaaaa  having  a quotient  value  of  0.75  or  leas  wara  grouped  together.  If 
none  of  tha  quotient  values  ware  lass  than  or  equal  to  0.75  for  any  glvan  aits,  tha  cluatar- 
1:  procedure  waa  conducted  again  for  that  site  with  an  incraaaad  maximum  class  value  of  10. 

Patterns  of  apactral  classes  appearing  on  each  of  tha  eluatar  maps  ware  colored  with 
map  pancila  to  simplify  recognition.  Thaaa  maps  ware  taken  into  tha  fiald  to  each  of  thalr 
raapactiva  locations  to  identify  tha  apactral  patterns  with  actual  groutul  cover.  Mamaa 
corresponding  to  tha  axiating  ground  cover  ware  given  to  aach  eluatar  site  according  to 
thaaa  observations. 

Tha  training  fiald  daacriptlon  cards  of  tha  13  clustered  sites  ware  grouped  under  the 
eatagorias  of  ground  cover  astabllahad  from  tha  fiald  checks.  Idantical  catagorias  of 
ground  cover  occurring  over  all  of  tha  clustered  sites  wars  grouped  together.  Cara  was 
takan  to  aatablish  definitive  class  catagorias  by  grouplag  all  explicitly  confirmed  claaaaa 
and  not  attempting  to  combine  any  claaaaa  appearing  to  overlap.  For  axampla.  tha  category 
identified  aa  live  oak  - blusatam  savannah  was  grouped  saparataly  from  tha  category  asho 
juniper  • blusatam  savannah. 

Tha  training  fiald  description  cards,  grouped  according  to  elaasas  of  ground  cover, 
wars  input  into  tha  statiatica  processor  (^pandix  A).  Tha  appearance  of  tha  histograms 
ganaratad  for  aach  cla'iu  in  aach  of  tha  four  channels  served  aa  a measure  of  their  atatiati- 
cal  desirability  in  later  training  tha  classifier.  Histograms  exhibiting  Gaussian  distri- 
butions served  as  indicators  of  acceptable  e7aas  groupings.  Classsa  with  unacceptable, 
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BMltlaodal  hlttograu  were  maaipuleted  through  edjustaent  (conblnetlon  or  deletion)  of  the 
ordering  of  field  description  cards  and  additional  statistical  processing  until  acceptable 
histograms  tiere  obtained. 

Final  output  from  the  statistics  processor  «»s  used  as  input  into  the  separability 
function  (Appendix  A)  to  determine  whether  further  grouping  or  lusg>ing  of  the  classes  was 
justified.  Paired  classes  with  transformed  divergence  values  of  1,500  or  less  were  grouped 
together.  This  was  accomplished  by  combining  the  training  field  description  cards  for 
these  paired  classes  into  one  group. 

After  the  statistics  processor  was  used  to  insure  a Gaussian  distribution  of  reflect 
ance  values  within  each  class,  the  resulting  statistics  file  was  input  into  the  classifi- 
cation and  reporting  processors  (Appendix  A).  These  processors  produced  a classification 
map  on  a con^uter-generated  printout  with  cover  types  portrayed  by  alphanumeric  symbols. 

RESULTS 

Two  classification  analyses  %iere  performed  for  Travis  County.  The  first  classifica- 
tion produced  a total  of  17  classes.  Examination  of  these  findings  indicated  that  further 
modification  in  class  groupings  was  justified  to  improve  classification  accuracy  and  facili 
tate  interpretation  of  the  final  map.  Modifications  were  made  and  a new  statistics  file 
was  obtained.  The  second  classification  analysis  produced  10  classes  which  were  displayed 
on  the  printouts  using  revised  alphanumeric  symbols  \dilch  were  later  color-coded.  The 
statistical  accuracy  by  class  of  the  classification  output  was  approximately  82  percent. 

The  final  classification  results  of  Travis  County  at  the  approximate  scale  of 
1:24,000  were  checked  at  actual  field  locations  to  determine  credibility.  While  the 
classification  map  appeared  to  satisfactorily  depict  the  existing  vegetation,  two  classes 
were  determined  to  contain  an  unacceptable  degree  of  error. 

In  the  eastern  portion  of  the  county  eastern  red  cedar  Intermixed  with  post  oak  was 
classified  as  an  ashe  juniper  - live  oak  association.  This  situation  is  eidiibited  in  the 
classification  map  portrayed  at  every  fifth  pixel  in  Figure  2.  Also,  the  class  represent- 
ing a composite  of  ashe  Juniper,  live  oak,  mesquite  and  bluestem  grasses  did  not,  in  some 
'.ases  match  species  ccnsposition  on  the  ground.  Ttuse  observations  and  a review  of  the  test 
analysis  procedures  indicated  that  the  major  sources  of  error  could  have  been  eliminated 
by  stratifying  the  cluster  sites  more  closely  among  previously  mapped  soil  associations 
that  are  identified  with  particular  plant  associations.  This  allows  a safeguard  to  prevent 
overlooking  a vegetational  class.  Error  could  also  have  been  reduced  by  precisely  defining 
class  nomenclature  using  established  criteria  early  in  the  analysis. 

DISCUSSION 

A procedural  plan  has  been  developed  which  reflects  modifications  of  the  Initial  pro- 
cedures developed  in  the  Travis  County  studies.  This  plan  will  guide  the  development  of 
vegetation  type  maps  required  for  biologists  to  proceed  with  delineation  of  species  manage- 
ment units.  The  following  is  a narrative  description  detailing  the  procedures  proposed  for 
conducting  a comprehensive  vegetational  type  mapping  inventory  for  the  State  of  Texas.  The 
Inventory  will  be  conducted  utilizing  remotely  sensed  data  in  digital  form  obtained  from 
the  LANDSAT-1  and  processed  through  capabilities  of  computer-assisted  analyses. 


Our  classification  output  will  be  multilevel  in  content.  That  is,  natural  areas  will 
be  classified  more  intensively  than  urban  or  agricultural  districts.  The  final  maps  will 
portray  detailed  plant  association  patterns  and  generalized  agricultural  and  urban  patterns 

Based  on  wildlife  management  needs,  we  believe  the  plant  association  level  (descript- 
ive in  floristic  - physiognomic  terms)  will  be  most  practical  for  application  of  the 
classification  products.  For  the  purposes  of  this  vegetation  mapping,  the  following 
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proposed  working  definition  is  submitted: 


A plant  association  may  be  defined  as  two  or  more  dominant  plant 
species  growing  together,  exhibiting  a similar  life  form  and  generally 
characterizing  the  flora  of  the  geographic  area  where  they  occur.  Of 
course,  at  serai  stages  below  climax  the  prevailing  plant  species  which 
typify  the  association  will  not  be  the  climax  dominants.  Nonetheless, 
these  plants  comprise  the  association  type  of  the  existing  vegetation. 

A consociation  is  as  above  but  only  one  plant  species  is  dominant  in 
the  sere. 

This  definition  was  derived  from  Kuchler  (23),  Costing  (24),  and  Weaver  and  Clements 

(25). 


Delineation  and  classification  of  ground  cover  will  be  accomplished  by  computer- 
assisted  analysis.  The  analysis  will  involve  stepwise  processes  that  follow  logically 
to  a final  classification  of  ground  cover  (fig.  3)  .These  results  may  be  shown  as  alpha- 
numeric symbols  which  are  printed  on  paper  or  as  colored  patterns  which  can  be  visually 
displayed  on  an  electronic  screen  (26). 

The  initial  step  in  Che  computer-assisted  analysis  procedures  will  be  to  obtain  basic 
information  for  the  data  to  be  investigated.  Output  from  this  function  provides  basic  re- 
ferences on  location  of  the  frame,  date  and  time  of  overflight,  serious  deviations  in  the 
scanner  system,  and  other  information  of  in^torCance  related  to  the  bulk  data. 

Gray-scale  printouts  containing  desired  data  will  be  obtained  through  display  of 
every  fifth  pixel  in  each  of  the  four  channels  of  lANDSAT  data.  The  gray-scale  for  band  6 
seems  most  useful  as  an  orientation  tool  and  work  map  since  roads  and  water  are  best  defin- 
ed in  the  raw  data  from  this  near  infrared  channel,  however,  other  useful  orientation  infor 
mation  can  be  obtained  by  examination  and  comparison  of  the  gray-scale  printouts  of  data 
from  the  other  three  channels.  The  fifth  pixel  scale  (approximately  1:125,000)  closely 
approximates  the  county  highway  maps  and  facilitates  transfer  of  orientation  features  from 
the  highway  map  Co  the  gray-scale  printout. 

Supportive  information  previously  gathered  from  other  vegetative  studies,  information 
provided  by  district  biologists,  examination  of  aerial  photography,  LAMDSAT  Imagery,  and 
topographic  maps  will  be  used  to  familiarize  the  analysts  with  the  general  floristlc  and 
physiognomic  characteristics  of  the  expected  vegetation  and  determine  locations  of  repre- 
sentative vegetational  classes  throughout  the  scene.  This  will  be  accon^llshed  through  dis 
trict  staff  briefings  and  regional  field  tours.  Previously  documented  maps  containing  in- 
formation related  to  changes  in  land  use,  vegetation,  soil  types  and  range  sites  of  Texas 
will  be  extensively  examined  to  provide  an  overview  about  vegetational  patterns  that  poten- 
tially exist  in  the  area  Co  be  studied.  Training  received  by  the  analysts  in  the  staff 
briefings  will  be  exercised  in  practical  botanizing  during  the  field  Crips.  Also,  during 
these  tours  land  use  and  urban  development  will  be  observed.  This  will  acquaint  Che  analy- 
sts with  Che  cultural  features  peculiar  to  Che  region. 

With  this  supportive  information  assembled,  Che  analyst  should  proceed  with  the  next 
processing  step,  the  clustering  function.  This  step  determines  the  number  of  classes  re- 
presented within  any  area  of  the  scene  delineated.  To  amply  represent  all  expected  classes 
within  a scene,  a number  of  cluster  areas  should  be  chosen  systematically.  Careful  scru- 
tiny of  aerial  photographs  at  this  point  is  necessary  to  more  knowledgeably  select  areas 
containing  classes  of  interest. 

In  addition  Co  attempting  to  represent  particular  sets  of  classes  the  analyst  should 
also  exercise  care  in  adequately  orienting  the  placement  of  these  cluster  areas.  Specific 
landmarks  or  orientation  points  should  be  contained  in  these  areas  to  facilitate  total 
orientation  of  the  field  party  when  ground  truth  information  is  collected  for  the  purpose 
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of  nomlai  roipoetlvo  cluator  eUatoa.  Itooda  and  cultural  faaturaa  will  ba  traced  onto  tha 
cluatar  aiapa  froa  1:24,000  topographic  laapa  idian  poaalbloi  la  Mat  iaatancaa  poaltlva 
ground  Idantlfication  of  tha  cluatar  claaaaa  cannot  ba  aceoa^liahad  unlaaa  tha  flald  party 
la  orlantad  parfactly  with  raapact  to  tha  cluatar  nap.  Caraful  atudy  of  aarlal  photographa 
of  tha  candldata  alta  will  ba  nada  to  Inaura  that  tha  araa  can  ba  racognlaad  In  tha  ground 
truth  atop.  With  background  Infomatlon  on  tha  potantlal  numbar,  klnda,  and  locatlona  of 
claaaaa,  tha  analyat  can  naka  battar  daelalona  ralatad  to  tha  raqulrad  numbar  and  atrataglc 
placamant  of  tha  cluatar  araaa.  Thaaa  daelalona  will  datarmlna  whathar  tha  analyat  ancons* 
aaaaa  all  tha  claaaaa  of  Intaraat  In  tha  data. 

Onca  a cluatar  araa  la  located  and  proeaaalng  for  cluatar  claaaaa  baglna  tha  analyat 
la  confronted  with  tha  quaatlon  of  how  many  claaaaa  of  Intaraat  nay  ba  obtained  from  tha 
particular  data  to  ba  eluatarad.  Thla  number  muat  ba  datarmlnad  for  uaa  In  entering  maximum 
elaaa  (maximum  but  varlabla  number  of  claaaaa  that  tha  function  will  aalact)  notatlona  on 
tha  control  earda.  Tha  generally  accepted  rule  of  twice  tha  ntxnbar  of  claaaaa  aiq^aetad  (for 
tha  cluatar  alta)  will  ba  applied.  Indication  of  tha  adequacy  of  any  given  maximum  data 
value  can  ba  noted  by  examining  tha  quotient  valuaa  In  tha  aaparablllty  Information  Hated 
In  cluatarlng  output.  Kt  laaat  one  quotient  value  of  0.75  or  laaa  ahould  bo  noted.  If  no 
valuaa  are  laaa  than  0.75,  tha  maximum  elaaa  daalgnatlon  ahould  ba  alavatad  at  laaat  by  one 
(parhapa  two)  and  tha  cluatarlng  function  run  again  for  that  alta. 

Cluatarlng  functlona  ahould  ba  run  for  each  of  tha  daalgnatad  araaa  and  appropriate 
output  obtained.  Punched  output  ahould  ba  obtained  aa  In  the  unauparvlaad  approach  which 
allowa  tha  computer  to  aalact  claaaaa  and  training  flalda.  losaadlata  evaluation  of  tha  out- 
put from  cluatarlng  la  undartakan  at  thla  point.  Daelalona  baaad  on  tha  aaparablllty  Infor- 
mation (quotient  valuaa)  from  Intarclaaa  dlvargancaa  era  made  and  data  grouplnga  ahould 
follow  which  conform  to  thaaa  daelalona.  Dr.  Edward  Kan  of  Loekhaad  Elactronlca  Corpora- 
tion, Lyndon  B.  Johnaon  Space  Canter,  Eouaton,  Texaa,  advlaaa  that  Laboratory  for  ^plica- 
tion of  Ramota  Sanali^,  Purdue  Unlvaralty,  favora  grot^lng  claaaaa  with  valuaa  laaa  than 
0.9  (Paraonal  Comaumleatlon  1975).  Utlllalng  thaaa  higher  valuaa  to  govern  tha  grouping 
rula  at  thla  point  could  reduce  grouping  problmna  arlalng  traa  tha  aaparablllty  function 
later  In  tha  daaalflcatlon  analyala.  On  tha  baala  of  thaaa  grouplnga  tha  varloua  claaaaa 
ahould  ba  dallnaatad  through  colored  pattarna  dlaplayad  on  tha  raapactlva  cluatar  mapa. 

Accurate  ground  truth  Infonatlon  muat  ba  gathered  at  thla  point  by  a flald  Invaatl- 
gator.  Ground  truth  will  ba  recorded  on  the  Training  Field  Record  (fig.  4).  The  colored 
cluatar  mapa  aarva  aa  vital  rafaraneaa  In  gathering  thla  Information.  Alao,  aarlal  photo- 
grapha, topographic  quadrangle  mapa,  and  county  highway  mapa  aaalat  on-alta  determination 
of  ground  truth. 

Tha  magnitude  and  acopa  of  a complete  atatawlda  vegetation  atudy  of  thla  natura  pro- 
hlblta  tha  uaa  of  time  conaumlng  quantitative  maaauramanta  to  davlae  vegetation  elaaa  nomen- 
clature. A technique  which  will  aatlafy  project  objactivaa  within  a minimum  time  frame  will 
ba  uaad.  Thla  technique  will  Involve  fitting  ground  truth  Information  obtained  by  flald 
ehacka  to  pravloualy  aatabllahad  criteria  frr  name  daalgnatlon.  Such  criteria  will  Include 
a florlatlc-phyalognomlc  daacrlptlon  of  currently  axlatlng  plant  aaaociatlona.  Dominant 
plant  apaclaa  (florlatle  componanta)  within  araaa  under  atudy  will  ba  vlaually  datarmlnad. 
Maaauramanta  of  two  phyalognomlc  paramatara,  average  height  and  amount  of  canopy  covar 
(crown  coverage  projected  vertically  over  tha  ground  aurfaea),  will  ba  obtained  at  tha  aped- 
fled  locatlona  ualng  an  ocular  method  almllar  to  tha  technique  daacribad  by  DaVoa  and  Moaby 
(27).  Thaaa  ocular  akllla  will  ba  developed  by  Initially  maaaurlng  height  and  canopy  covar 
objectively.  Haight  will  ba  maaaurad  by  flald  appllcatlona  of  hypaomatar  tachnlquaa  daacri- 
bad In  Forbea  (28)  and/or  with  a clinometer.  Crown  covar  will  ba  maaaurad  from  aarlal  photo- 
grapha by  application  of  tha  crown  danalty  acala  daacribad  by  Avery  (29)  or  by  on-alta  woody 
bait  tranaacta  modified  from  Hahn  (30).  Aftar  an  Initial  axparlanca  with  thaaa  maaauramant 
tachnlquaa  tha  analyata  are  expected  to  acquire  akllla  adequate  to  allow  acceptable  eubjact- 
Iva  ocular  aatlmataa  of  height  and  crown  covar. 

The  Initial  phyalognomlc  daacrlptlona  (Appendix  B)  will  ba  almllar  to  thoaa  atatad  In 
Haaa  and  McGuire  (31).  However,  due  to  later  elaaa  grouping  dictated  by  analyala  functlona 
dlacuaaad  pravloualy,  final  daalgnatlon  of  elaaa  nomenclature  will  vary  accordingly.  Con- 
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••qvMntlyi  noMnelfttur*  for  all  typaa  or  aubtypaa  of  vagatatlon  found  In  Rafaranea  31  or 
all  almilar  claataa  found  in  Laval  a IX  and  III  of  tha  land  uaa  elaaalflcatlon  ayatam  davia- 
ad  by  Andaraon  at  al.  (32)  may  not  ba  rapraaantad. 

Dua  to  tha  boundary  llmitationa  of  tha  cluataring  function,  duplieationa  and  aimilar- 
itiaa  occur  in  the  euaulativa  claaa  liat  aa  tha  analyat  procaada  with  eluatar  proeaaaing 
acroaa  tha  acana.  Through  avaluation  of  hiatograma,  atatiatica,  and  aaparability  valuaa 
tha  analyat  atrivaa  to  coiabina  tha  duplieationa,  datact  tha  dagraaa  of  aimilarity  and  cata- 
log tha  aaparationa.  By  thaaa  proeaaaaa  a liat  of  claaaaa  of  intaraat  ia  gradually  daval- 
opad.  Only  by  applying  thraaholding  valuaa  (Appandix  A)  can  tha  analyat  gain  indication 
that  a claaa  or  claaaaa  may  hava  baan  ovarlookad.  Howavar,  viaa  application  of  aupportiva 
matariala  auch  aa  aarial  photographa  and  potential  claaa  hiararchiaa  can  raduca  tha  chancaa 
of  miaaing  a claaa  of  intaraat. 

Additionally,  claaaification  accuracy  would  ba  incraaaad  in  acotonal  araaa  or  thoaa 
having  a wida  divaraity  of  ground  cover  and  potentially  containing  a large  number  of  claaaaa, 
if  auch  araaa  were  aubdividad  into  portiona  with  each  aubdiviaion  analyaad  aaparataly. 
Althou^  more  than  one  claaaification  analyaia  would  be  needed,  each  proeaaa  would  ba  aim- 
plifiad  due  to  rapraaantation  of  fewer  claaaaa  within  aach  aubdiviaion. 

The  next  major  atep  in  analyaia  involvea  evaluation  of  atatiatical  information  primar- 
ily in  the  form  of  claaa  hiatograma  and  tranaformad  interclaaa  divergencea.  In  any  claaaaa 
formed  through  grouping  of  two  or  more  aubclaaaea,  tha  analyata  ahould  examine  immediately 
the  characteriatica  of  the  claaa  hiatograma.  Hiatograma  ahould  exhibit  normaliaed  diatri- 
butiona.  The  Gauaaian  dlatrlbution  ia  a baaic  aeaimiption  built  into  tha  maximum  likelihood 
claaalfier  employed  in  the  claaaification  proceaa  (33).  Training  data  muat  meat  thla  quali- 
fication. Claaaea  exhibiting  atrong  bimodal  or  multimodal  hiatograma  ahould  be  re-evaluated 
and  an  effort  made  to  correct  thia  undealrable  aituation.  At  this  point  the  tranaformad  di- 
vergence valuaa  from  aaparability  function  become  the  key  indicatora  to  further  claaa  group- 
inga. 

When  final  claaa  groupinga  have  been  accotiq>liahed  to  the  aatlafaction  of  the  analyat,  a 
final  atatiatica  and  aeparablllty  run  ahould  be  made.  The  atatiatica  file  that  ia  develop- 
ed will  be  utillaed  for  the  claaaification  proceaa.  The  aeparability  run  may  not  be  parti- 
cularly neceaaary  at  thia  atep  provided  the  analyat  haa  been  moat  perceptive  and  made  no 
miatakea.  Ferhapa  thia  run  aervea  beat  aa  an  "Inaurance"  check  on  all  deciaiona  to  thia 
point  and  aa  an  analyaia  landmark  to  l-nd  credence  to  the  performance  ratinga.  The  anal- 
yat ahould  be  able  to  proceed  to  the  claaaification  (Appandix  A)  function  aa  the  next  atep. 

In  the  claaaification  function  a maximum  likelihood  claaaification  achema  aaaigna  all 
data  pointa  under  conaideration  to  one  of  the  claaaea  repreaented  by  the  refined  training 
claaa  atatiatica  (33).  Thua,  thia  proceaaor  will  evaluate  and  claaaify  all  data  pointa 
into  the  apecified  claaaea  whether  or  not  all  clataea  in  the  acene  are  repreaented  in  the 
training  atatiatica.  Conaequently,  an  overlocked  or  unrepreaented  claaa  would  be  obacured 
through  claaaification  of  Ita  data  pointa  into  the  represented  claaa  that  atatlatically 
moat  cloaely  reaembled  the  un'*epreaentad  claaa.  However,  detection  of  an  overlooked  claaa 
dan  be  remedied  through  atatiatical  thraaholding  optiona  that  may  follow  immediately  after 
the  claaaification  function  in  the  computer  job  atring. 

By  claaaifying  every  pixel  in  the  acene  the  analyat  providea  for  later  options  related 
to  varied  scale.  That  la,  if  every  pixel  it  classified  then  the  scene  can  be  portrayed  on 
the  basis  of  every  pixel  Upproximately  1:24,000  scale),  every  second  pixel  (approximately 
1:62,000  scale),  etc.  according  to  the  desires  of  the  analyst  or  user.  This  is  in  contrast 
to  conducting  the  classification  function  on  the  baals  of  other  than  every  pixel. 

Such  action  would  result  in  forfeiture  of  the  capability  to  portray  the  acene  in  more  de- 
tail than  the  degree  employed  in  the  classification  process.  We  have  elected  to  classify 
on  the  basis  of  every  pixel  since  expected  as  well  as  yet  unrecognized  uses  for  the  classi- 
fication results  will  require  the  versatility  of  thie  type  output.  Thus,  the  classification 
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processor  Is  essentially  a straightforward  function  designed  solely  to  produce  sets  of 
classified  data  points  obtained  through  methodical  comparison  with  refined  training  class 
statistics.  No  lengthy  results,  evaluations  and  decision-making  steps  are  associated  with 
this  processor.  The  resulting  classification  will  be  stored  on  magnetic  tape  rendering 
these  results  available  for  practically  unlimited  temporal  usage. 

The  reporting  function,  a follow-up  processing  stage  to  the  classification  function, 
provides  various  options  for  manipulation  of  classification  results  for  the  purposes 
of  evaluation  and  application.  The  analyst  may  obtain  printed  maps,  request  performance 
tables,  omit  class  synd>ols,  detect  overlooked  classes,  vary  the  scale  (pixel  designation) 
and/or  select  a portion  of  the  classified  scene.  Additionally,  this  function  yields  in- 
sights into  classification  accuracies  and  provides  total  acreage  figures  for  the  various 
classes  in  any  area  of  any  size.  A reporting  Job  including  performance  options  (accuracy 
evaluations)  always  follows  the  classification  Job. 

The  final  results  of  the  classification  process  will  be  checked  for  accuracy  prior 
to  the  cartographic  conversion.  This  will  be  accomplished  by  examining  training  field  and 
training  class  performance  values  provided  by  the  reporting  function  and  verifying  the 
final  vegetatlonal  patterns  indicated  by  the  computer  analysis.  Suspected  classification 
errors  will  be  compared  to  the  ground  truth  information  derived  from  aerial  photographs  or 
on-site  field  inspections  and  corrected  prior  to  final  cartographic  processing.  Extensive 
classification  errors  may  require  reanalysis  of  the  data. 

Furthermore,  we  wish  to  mention  the  indirect  capabilities  this  system  will  allow.  We 
suspect  that  discrete  spectral  signatures  cannot  be  developed  for  plant  associations  in 
all  cases.  However,  we  do  believe  the  system  is  highly  reliable  in  delineating  broad 
classes  such  as  forest,  grass,  etc.  While  detection  of  these  broad  classes  is  a limita- 
tion to  the  direct  approach  described  above,  this  capability  becomes  an  asset  when  linked 
to  the  descriptive  material  for  soil  associations.  These  soil  associations  already  are 
described  in  published  soil  maps  and  legends.  Thus,  if  only  the  physiognomic  classes 
(e.g.  woodlands)  can  be  delineated  through  computer-assisted  pattern  recognition,  refine- 
ments to  provide  the  floristic  components  can  be  made  by  utilizing  the  information  from 
soil  mapping  materials.  In  this  manner,  the  desired  plant  association  patterns  can  be 
determined. 

The  analysis  for  pattern  recognition  will  be  completed  and  subsequent  tasks  will  deal 
with  cartographic  aspects.  The  computer  printout  "maps"  alone  are  limited  in  application. 
Therefore,  the  results  displayed  on  the  printouts  must  be  rendered  into  more  practical  map 
form.  Techniques  for  producing  desirable  map  products  are  being  explored  and  tested  for 
operational  utility. 

Generally,  these  cartographic  approaches  involve  sophisticated  electronically  oriented 
procedures  involving  computer-controlled  display  screens  that  yield  colored  photographic 
prints  of  classified  scenes.  These  methods  are  under  experimentation  by  the  Remote  Sensing 
Center,  Texas  A£M  University  and  Johnson  Space  Center,  Houston,  Texas.  Output  in  the  form 
of  colored  photographic  mosaics  from  image  display  screens  are  expected. 

The  final  products  will  be  base  maps  in  1:126,000  scale  with  the  ground  cover  classes 
in  color  codes.  Illustrated  narratives  of  legends  will  provide  descriptive  information 
for  each  of  the  classes  portrayed.  Also,  the  base  maps  will  contain  most  of  the  informat- 
ion present  in  county  highway  maps  presented  in  the  same  scale.  This  information  would 
include  such  features  as  roads,  urban  areas,  stream  courses,  etc.  Inclusion  of  this  in- 
formation from  the  highway  maps  is  essential  to  lending  orientation  attributes  to  the  base 
maps. 


CONCLUSIONS 


With  the  rendition  of  the  classification  results  into  base  maps  biologists  will  use 
the  vegetation  type  maps  to  begin  the  job  of  delineating  species  management  units.  The 


fine  cask  apparent  to  the  trlldllfo  manager  Is  to  determine  Che  habitat  of  the  animal 
species  under  Investigation.  The  user  of  vegetation  type  maps  must  Integrate  existing 
Intormation  on  animal  habitat  with  contents  of  the  base  maps  to  obtain  a generalised  Idea 
of  the  extent  of  the  range  of  a particular  wildlife  species.  Following  this  Initial  over- 
view Co  discern  the  generalised  extent  of  the  range  of  the  species,  the  manager  Is  concern- 
ed with  detecting  characteristics  of  the  populatlon(s)  of  animals  within  the  range. 

At  this  point  the  manager  begins  to  concentrate  his  attention  on  Che  detail  within  Che 
boundaries  of  the  general  range  of  animals  he  initially  outlined.  By  studying  the  comput- 
er-generated type  maps  he  will  be  able  to  draw  bounds  around  areas  having  similar  char- 
acteristics. The  landscape  and  composition  of  the  vegetation  of  the  area  within  each  unit 
delineated  by  the  manager  can  be  regarded  as  unique.  When  the  manager  has  reconstituted 
Che  base  maps  on  the  basis  of  the  ground  cover  classification,  he  has  devised  preliminary 
"habitat  maps"  similar  to  the  specifications  of  Alexander  (34).  These  maps  then  will  be- 
cenne  Che  guides  for  stratification  In  the  ensuing  population  analyses. 

Stratified  data  collection  will  allow  the  application  of  statistical  tests  to  the 
parameters  from  the  respective  strata.  These  tests  will  enable  biologists  to  identify 
differences  or  similarities  In  various  wildlife  populations.  According  to  evaluations  of 
the  statistical  test  results  biologists  will  be  able  to  delineate  geographic  areas  In- 
habited by  similar  populations  of  a given  wildlife  species.  These  areas  will  be  termed 
management  units.  The  wildlife  resources  within  each  unit  will  be  administered  according 
to  appropriate  management  treatments  deemed  necessary  to  produce  sustained  yields  of  wild- 
life resources. 

Furthermore,  these  units,  in  themselves,  will  become  stratification  guides  for  inten- 
sive studies  designed  to  provide  data  input  for  population  modeling.  Wildlife  managers 
Chen  will  be  able  to  examine  management  alternatives  with  respect  to  any  given  set  of  cir- 
cumstances influencing  any  given  population  of  animals. 
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Figure  1 
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Distribution  of  cluster  sites  in  Travis  County,  Texas 
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LEGEND 


Cedar  (.asiie  juinlfver)  Haodlanc 

Gedar-Liveoak  Woodland 

Cedar-Livooak-Hesqtttte/Sluestem  conpo- 
site  (Indicates  a iwsaic  pattern  of 
highly  Interspersed,  but  itidivldintlly 
distinct  plant  associations  caaposed 
o£  these  dominants) 

Native  Grassland 


Agricalture  (plcwed  or  disced  croptand 
and  fields,  grazed  cover  crops) 


Elm-Hackberry-Hesqulto  Mixed  Wootllarel 


I I Erban,  residentially  built  up  areas, 

roads 


Urban,  cora»rclally  built  up  areas 


fame  Grassland  (agriculturally  Induced;  m[H  Mater 
berauda,  etc.) 


tivnre  2,  Classification  ifKip  of  eastern  Travis  County,  portrayed  at  every  fifth  pixel 


Additional  training  fields  must  be 
selected  If  an  unprecedented  class 
of  Interest  Is  detected  by  thresh- 
■oldlng. . 


Data  Selection 

i 

Collection  of  supportive  information 
(Published  type  maps,  soil  surveys,  aerial  photography, 
a priori  class  lists) 

i 

Examination  of  Raw  Data  (ground  truth  input; 
view  data  through  grayscale  printouts  or  image 
display  screens) 

Selection  of  training  fields 

i 

Calculation  of  class  statistics 

i 

Calculation  of  class  divergences  to 
dctensine  class  separability 

i 

Calculation  of  bulk  data  through  use  of 
statistics 


Oatput  of  classification  results  (magnetic 
tape,  printouts  coded  in  alphanumeric  symbols, 
portrayal  on  Image  display  screens) 


_Statistlcs  must  be 
recomputed  if 
classes  are  grouped 
In  accordance  to 
divergence  evalua- 
tion rules 


Figure  3.  Flow  Diagram  of  Procedures  for  Computer-assisted  Analyses 
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Frame  No. : _ 
Cluster  No,: 

Date; 

County: 


General  Topography  of  Cluster  Site 


Supplemental  Information: 


Designation  of  Classes  on  Cluster  Map 


K> 

Ul 

lO 


Cluster  Symbols: 


Physlcj<roroic  ID.: 


Floristic  Dominants: 


Figure  4,  Training  Field  Record 


APPENDIX  A 


LASSYS  ANALYSIS  PROCESSORS 


From  Phillips,  T,  L.,  ed.  1973.  LARSYS  Version  3 User's  Manvial, 
Volume  2.  Purdue  Research  Foundation,  West  Lafayette,  Indiana 


IDPRIHT 


PICrUREPRINT 


CLUSTER 


STATISTICS 


SEPARABILITY 


CLASSIFYPOINTS 


PRlNTIifiSULTS 


Prints  listing  of  the  identification  record  for  multispectral  image 
storage  tape  runs;  gives  information  on  date  data  acquired,  obser- 
''atlon  identification  number,  orbit  number,  cloud  cover,  and  time 
of  day  of  overflight. 

Produces  alphanumeric  pictorial  printouts  of  the  data  for  each 
channel  that  is  specified;  used  to  check  data  quality  and  select 
subsets  of  data  to  be  used;  alphanumeric  symbols  are  shown  in  gray 
scale  tones . 

Classifies  individual  data  points  into  a predefined  number  of 
clusters:  user  must  estimate  the  number  of  clusters  (or  classes)  to 
be  produced;  guides  analyst  to  features  to  be  identified  for  use  in 
developing  training  statistics. 

Calculates  statistics  of  subsets  of  data  values  (mean,  standard 
deviation,  a covariance  matrix,  and  a correlation  matrix)  for  the 
channels  specified;  resulting  statistics  file  contains  statistical 
descriptions  of  tf’"  specified  training  classes. 

Uses  class  statistics  to  calculate  measurements  of  how  well  the 
individual  classes  may  be  distincnished  from  one  another,  or  the 
degree  of  "separability"  between  the  classes. 

Classifies  multispectral  data  on  a point-by-point  basis;  uses  class 
means  a;. a covariance  matrices  (computed  in  STATISTICS)  and  the  dat.i 
from  each  point  to  be  classified  to  calculate  the  probability  that 
Che  poinu  belongs  to  each  of  the  training  classes;  stores  output 
n disc  fi'e  or  magnetic  tape. 

Provides  variety  of  printed  outputs  describing  the  classification 
results  produced  by  CLASSIFYPOINTS;  nrovides  researcher  with  a 
flexie'  capacity  to  display  the  results  of  a classification  in 
the  form  of  a map  image  and/or  tabular  outputs. 
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APPENDIX  B 


Cropland 

Graases 

Savannah 

Groves 

Parks 

Brush 

Woods 

Forest 

Nature 

Young 

Harsh 

Brush  Swamp 
Parkland  Swamp 

Wooded  Swamp 

Forested  Swamp 
Mature 

Young 


Water 


PHYSIOGMIMIC  CLASSES 

Includes  cultivated^  fallow  or  husian  altered  locations  used  for  the 
purpose  of  produclrg  food  and/or  fiber  for  either  man  or  domestic 
animals . 

Herbs  (grasses,  forbs,  and  grasslike  plants)  dominant;  woody  vege- 
tation lacking  or  nearly  so  (^5  percent  woody  canopy  coverage). 

Individual  woody  plants  > 9 ft.  tall  widely  scattered  throughout 
grass  (6-10  percent  woody  plant  canopy  coverage). 

Clusters,  or  groves  of  woody  plants  widely  scattered  throughout 
grass  (6-10  percent  woody  canopy  cover). 

Woody  plants  > 9 ft.  tall  generally  dominant  (11-30  percent  canopy 
cover)  with  continuous  grass  or  forbs. 

Woody  plants  ^ 9 ft.  tall  dominant,  occurring  in  generally  evenly 
spaced  stands  ( > 10  percent  canopy  cover) . 

Woody  plants  9-30  ft.  tall  growing  evenly  spaced  or  nearly  so  (>30 
percent  canopy  cover);  midstory  usually  lacking. 


Deciduous  or  evergreen  trees  dominant;  mostly >30  ft.  tall,  (>30 
percent  canopy  cover);  midstory  apparent  except  In  managed  mono- 
culture. 

Deciduous  or  evergreen  trees^30  feet  tall  ( > 30  percent  canopy 
cover);  midstory  usually  absent;  potential  to  form  mature  forests. 

Emergent  herbaceous  plants  dominant  in  inundated  areas;  woody  vege- 
tation lacking  or  neirly  so  ( ^ 15  percent  woody  canopy  coverage). 

Woody  plants^  9 ft.  tall  (>13  percent  canopy  coverage  occurring 
on  Inundated  or  almost  constantly  Inundated  sites). 

Woody  plants  > 30  ft.  tall  generally  dcmlnant  (15-30  percent  total 
woody  canopy  cover)  occurring  on  Inundated  or  almost  constantly 
Inundated  sites. 

Woody  plants  mostly  9-30  ft.  tall  occurring  on  inundated  or  almost 
constantly  inundated  sites  (>15  percent  canopy  coverage). 


Trees  mostly  ^ 30  ft.  tall  occurring  on  Inundated  or  almost  con- 
stantly inundated  sites  (>30  percent  canopy  coverage). 

Trees  mostly  ^ 30  ft.  tall  occurring  on  inundated  or  almost  con- 
stantly Inundated  sites  (?  30  percent  canopy  coverage) ; potential 
to  form  "mature  forested  swamp." 

Stre^uns,  lakes,  ponds,  estuaries,  lagconr,  flooded  oxbows  and  water 
treatment  facilities. 
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Inert  Materials 


Spoil  Bare  soil  deposited  froai  dredging  operations  in  narsh,  seenp,  estu- 

aries, lagoons,  or  streans. 

Danas  Uovegetated  sand  uounda  or  hills. 

Urban  Includes  roads.  Industrial  and  suburban  developments. 

Other  . . 1 , ‘-Vegfatated  areas  uhich  portray  physiognauy  difficult  to  define  or 

categorise  and  which  could  produce  significant  classification  error 
if  labeled  separately;  includes  those  groups  that  do  not  appear  to 
fit  above  criteria. 
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AM  OVERVIEM  OF  TOB 

DEVELOPMENT  OF  REMOTE  8EN8IH6  TBCHHIQUE8  FOR  THE 
8CREffNORM  ERADICATION  PROGRAM 


E-2 


Charles  M.  Barnes,  NASA/Johnson  Space  Center 

and 

Prank  C.  Forsberg,  Lockheed  Electronics  Cosgxany,  Inc.,  Houston 


HBSTMCT  N76-'*7488 

This  paper  reports  the  current  status  of  reacts  sensing  techniques 
developed  for  the  screwwom  eradication  progran  of  the  Mexican-Aaerican 
Screwwom  Eradication  Consilssion.  A review  of  the  type  of  data  and 
equipacnt  used  in  the  program  is  presented.  Future  applxcations  of 
r^cte  sensing  techniques  are  considered. 


INTRODUCTION 


The  screwwom  is  the  larval  stage  of  the  fly  Coahliomyia 
hominivorax  (Coquerel) . It  is  distinctive  in  that  the  larvae  feed 
only  on  living  tissue,  the  population  density  is  relatively  snail, 
and  the  feaale  fly  nates  only  once  in  her  lifetime.  The  latter 
traits  stake  the  screwwom  fly  vulnerable  to  the  sterile  stale  tech- 
nique for  its  eradication  (see  ref.  1) . The  screwwom  fly  lays  its 
eggs  in  open  wounds,  and  the  resulting  larvae  can  kill  or  cri{^le 
an  aniscl  within  a few  days.  One  of  its  favorite  wounds  is  in  the 
navel  of  netdtom  anitnals  (refs.  I and  2) ; therefore,  little  wildlife 
exists  where  screwworsc  are  prescmt.  In  fact,  before  the  eradication 
program,  a tsajor  chore  of  southern  ranchers  was  to  treat  screwwom- 
infested  animals.* 

In  the  United  States,  the  screwwom  caused  an  economic  loss  of 
over  100  sd.llion  dollars  annually  before  the  eradication  program  began. 
The  latest  estimates  indicate  that  the  losses  without  a screwwom  pro- 
gram could  exceed  200  million  doll’'i.«  a year  (refs.  3 and  4). 

Although  there  are  no  overwintering  screwwom  fly  populations 
In  the  United  States,  the  Insect  survives  in  Mexico;  and  as  the 
tfeather  warms,  the  flies  spread  northward  into  the  United  States 
(ref.  5). 

To  reduce  the  iaq>act  of  this  overwintering  population  and  to 
prevent  reestablishment  of  the  screwwom  in  the  United  States,  a 


*An  excellent  survey  of  the  developments  leading  to  the  sterile- 
male  techniques  developed  by  the  U.S.  Department  of  Agriculture  for 
the  eradication  of  scnwworms  is  given  in  "The  Eradication  of  the 
Screwworm  Fly"  by  E.  F.  Knipling,  Soientifie  Ameviaan,  203s 54-61, 
1960.  A more  detailed  review  is  presented  in  "Eradication  of  the 
Scre%n«om  Fly"  by  A.  B.  Baumhover,  JAMA,  196:240-248,  1966. 
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barrier  of  sterile  files  was  established  (shown  In  fig.  1).  This 
barrier  extends  to  480  km  deep  and  stretches  along  the  U.S.  and 
Mexican  border  from  the  Pacific  coast  to  the  Gulf  of  Mexico.  Up 
to  t%fo  hundred  million  files  per  week  are  dropped  In  the  barrier 
and  In  Isolated  outbreak  areas  In  the  southwestern  United  States. 
Maintenance  of  the  barrier  costs  12.5  million  dollars  annually  but 
does  not  totally  protect  the  United  States  (ref.  6). 

The  United  States  and  Mexico  have  agreed  on  a cooperative  progreun 
to  eradicate  screwworms  In  northern  Mexico,  moving  the  barrier  to  the 
Isthmus  of  Tehuantepec,  where  the  barrier  would  be  only  177  km  wide. 

The  cost  of  maintaining  this  new  barrier  has  been  estimated  at  1.5  mil- 
lion dollars,  less  than  one-eighth  of  the  cost  of  the  present  barrier. 


REVIEW  OF  THE  TECHNICAL  PROBLEM 


'ihe  screworm  fly  In  most  Infested  areas  has  a low  population 
density.  For  elf active  eradication,  the  local  population  must  be  over- 
whelmed with  files  sterilized  using  radioactive  cobalt  and  cesium  gamma 
rays.  These  sterile  files  are  distributed  from  the  factory  to  regional 
staging  zones  where  they  are  delivered  by  aircraft  In  accordance  to  a 
dally  flight  schedule  planned  by  the  area  epidemiologist.  The  flight- 
lines  are  based  on  field  case  reports,  personal  experience,  knowledge 
of  spraying  operations,  and  estimates  of  the  effects  of  weather. 

The  environment  Is  extremely  Important  to  the  eradication  progreun. 

If  It  Is  too  cold,  the  screwworms  die;  If  too  hot  and  dry,  they  desiccate. 
For  maximum  efficiency  In  Inundating  an  area  with  sterile  files,  It  Is 
best  to  choose  a time  In  which  the  adult  population  has  already  been 
reduced  by  weather  factors  and  the  new  pupae  have  not  yet  emerged  (ref.  3). 
If  a system  can  be'  devised  for  predicting  these  areas,  enormous  savings 
are  p>ossible  through  the  efficient  use  of  flies.  The  present  cost  of 
producing  and  distributing  these  sterile  flies  Is  $0,001  each.  Since 
500  million  flies  will  be  dropped  each  week,  even  a 10  percent  decrease 
in  flies  liberated  represents  savings  of  2.5  million  dollars  annually. 

To  efficiently  define  the  local  environment  for  release  of  flies, 
it  is  necessary  to  have  good  support  from  either  ground  weather  stations 
or  from  some  other  source. 

In  Mexico,  a limited  network  of  meteorological  stations  exists  and 
even  more  limited  communications  connect  them.  Further,  the  terrain  is 
complicated  by  extremely  varying  topography.  To  euppler.ent  the  existing 
weather  data  from  Mexico,  additional  climatological  stations  must  be 
activated  at  an  estimated  annual  cost  of  several  million  dollars,  or 
satellites  or  aircraft  can  be  utilized  to  collect  environmental  data. 

In  1970,  the  Health  Applications  group  of  the  Lyndon  b.  Johnson 
Space  Center  (JSC) , National  Aero-autics  and  Space  Administration  (NASA) , 
decided  to  plan  an  experiment  which  would  determine  the  feasibility  of 
remote  sensing  to  assist  the  Mexican-American  screwwonr  commission  in 
defining  weather  parameters  of  importance  to  screwworm  eradication.  A 
detailed  study  was  made  of  various  options  and  it  was  decided  to  suggest 
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use  of  the  Improved  TIROS  Operational  Satellite  (ITOS)  (fig.  2)  as  a 
basic  source  of  satellite  data.  A project  plan  was  then  de^'eloped  for 
implementing  a system  that  could  provide  planning  information  on  where 
flies  should  or  should  not  be  dropped  (fig.  3)  based  on  weather  parameters. 


TECHNICAL  REQUIREMENTS  TO  ACHIEVE  PROJECT  OBJECTIVE 


The  basic  objective  of  the  project  was  to  determine  the  specific 
earth  environment  conducive  to  the  growth  of  the  screwworm  fly  and  to 
develop  remote  sensing  techniques  useful  to  an  eradication  program.  For 
the  development  of  a ronote  sensing  system,  the  environmental  factors 
affecting  the  screwworm  had  to  be  quantified,  a capability  of  process- 
ing ITOS  data  had  to  be  developed,  the  relationship  of  satellite 
data  to  screwworm  populations  had  to  be  demonstrated,  and  a processing 
system  capable  of  daily  production  of  environmental  data  for  all  of 
Mexico  had  to  be  developed. 


Quantifying  Environmental  Factors  Affecting  the  Screwworm 


The  screwworm  has  been  extensively  studied  by  agricultural  scientists 
for  more  than  30  years.  They  had  noted  uhat  a relationship  seemed  to 
exist  between  weather  and  the  screwworm  population.  This  relationship, 
however,  had  never  been  sufficiently  demonstrated  or  quantified;  there- 
fore, an  extensive  literature  search  was  undertaken  (ref.  7). 

The  cycle  of  the  screwworm  (fig.  4)  was  studied  to  determine  the 
environmental  factors  (fig.  5)  that  seem  to  affect  population  growth. 

They  are  the  same  as  those  that  affect  other  insects  and  plants.  The 
problem  was  to  determine  the  effect  of  various  aspects  of  the  environment 
on  each  phase  of  the  screwworm  life  cycle  and  on  the  total  life  cycle. 

The  most  rewarding  Investigation  dealing  with  the  overall  effect  of  weather 
on  the  total  life  cycle  was  a 6-year  retrospective  study  of  available 
meteorological  data  (ref.  7) . A typical  plot  of  data  showing  the  number 
of  screwworm  cases  and  the  weather  is  shown  in  figure  6. 

The  weather  conditions  for  each  phase  of  the  life  cycle  were  plotted 
against  the  screwworm' s life  cycle;  the  modeling  study  resulted  in  the 
definition  of  a weather  potential  for  screwworm  growth  (ref.  8).  The 
weather  conditions  for  each  phase  of  the  life  cycle  were  plotted  against 
the  resulting  growth  per  insect  generation  (fig.  7).  Many  factors,  other 
than  weather  (e.g.,  availability  of  host  animals,  predators,  and  presence 
of  an  eradication  program) , may  modify  the  population  growth  per  genera- 
tion. It  becomes  apparent  from  the  study,  however,  that  the  potential 
growth  of  populations  can  be  determined  for  various  conditions. 


Establishing  Satellite  Data  Processing  Capability 


ITOS  satellite  radiometric  data  were  obtained  from  the  National 
Oceanic  and  Atmospheric  Administration  (NOAA)  receiving  station  at 
Wallops  Isla).d,  Virginia.  The  analog  tape  was  mailed  directly  to  JSC 
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wlMr«  it  di^laycd  on  a Vlaacorder  for  aalecting  the  desired  areas. 

The  useful  portion  was  duplicated,  and  5 days  of  data  stored  at  JSC  on 
one  reel*  Data  collected  were  archived,  and  a selected  nunber  of  days 
in  this  tlm  period  were  digitised,  calibrated,  and  aade  into  color* 
coded  iaages. 

NOAA  digitised  tapes  were  not  used  since,  at  the  time  the  project 
began,  digital  tapes  were  not  routinely  available  and  digital  data  would 
have  occupied  too  large  a portion  of  a storage  facility  when  weighed 
against  the  potential  use  for  a specific  day  of  data. 

Although  IT08  has  several  radiosMters,  only  the  very-high* 
resolution  radiometer  (VHRR)  is  being  used.  The  VHRR  is  a two-channel 
scanning  radioawter  sensitive  to  energy  in  the  visible  band 
and  from  10.5|i  to  12. 5y  in  the  infrared  bemd.  The  sise  of  the 
picture  element  (pixel)  is  approximately  0.9  km  at  the  subsatellite 
point  and  degrades  to  about  1.45  km  at  the  edge  of  its  scan.  The  satel- 
lite observes  each  point  on  Sarth  twice  a day  and  has  a scan  width  of 
about  1,900  km.  TIm  1K)AA  satellite  contains  redundant  sensors  that 

are  operated  in  tandem,  180*  out  of  phase  with  each  other.  The  visible 
data  from  one  sensor  are  time-multiplexed  with  the  Infrared  data  from 
the  second  and  transmitted  continuously  as  one  data  channel.  The  signal 
may  be  received  from  anywhere  in  the  world  with  the  proper  receiver  and 
antenna.  However,  the  signal  is  weak  and  the  reception  requirements  are 
stringent. 

Registration  of  the  data  was  one  of  the  more  difficult  technical 
problesw  to  overcome.  A ccxnputer  software  program  for  registering  data 
over  at.  area  of  several  hundred  miles  was  written  for  the  development 
program,  ^nd  it  was  found  to  be  accurate  within  one  pixel.  Although 
this  rsjixstration  program  was  satisfactory  for  a test  and  development 
phase,  another  program  had  to  be  developed  for  the  daily  routine  regis- 
tration of  data  obtained  on  all  of  Mexico  daily  for  the  production  system. 
Before  registering  data  over  an  entire  country,  the  analog  signals  should 
be  nonlinearly  digitized,  either  through  a software  resimpling  program 
or  by  use  of  a hardware  function  generator  as  was  done  in  the  produc- 
tion system.  If  nonlinear  digitization  is  not  done,  the  registration 
program  will  be  very  Inefficient  in  computer  processing  time. 

Techniques  were  also  developed  for  correcting  the  data  for  atmospheric 
attenuation  and  surface  emissivity.  The  atmospheric  attenuation  cor- 
rection was  derived  by  modifying  ^md  adding  to  basic  correction  pro- 
grams developed  by  the  National  Environmental  Satellite  Service  (NOAA) . 

From  a series  of  tests,  it  appeared  that  the  results  were  satisfactory 
provided  that  one  remained  in  the  same  air  mass.  The  importance  of 
emissivity  correction  can  be  determined  frcmi  figure  8.  Emissivity 
correction  is  difficult  and  is  still  under  study.  A promising  new 
method  may  shortly  be  reported  as  a result  of  studies  in  Mexico  and 
in  the  southwestern  United  States. 

A problem  in  developing  a useful  systmn  for  recording  environ- 
mental factors  from  satellites  is  that  the  satellite  records  radio- 
metric  temperatures  and  all  surface  meteorological  reports  are  made  as 
air  temperature.  A strong  correlation  of  radiometric  temperature  to  air 
teng>erature,  however,  was  found  (see  fig.  9).  Moreover,  air  tempera- 
ture was  not  necessarily  needed  at  a '«rtain  time  of  day  but  rather  an 
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average  for  the  day  or  averaged  over  several  days.  By  using  nultlple 
regression  techniques  for  conversion  from  radiometric  to  dally  air 
temperature,  satisfactory  accuracies  have  bean  obtained. 


Relationship  of  Satellite  Data  to  Screwworm  Population 


To  doBonstrate  the  relationship  of  screwvorm  activity  with  satel- 
lite data,  two  test  sites  were  established:  one  near  McAllen,  Texas, 

and  the  other  near  Fortin  de  las  Flores,  Veracrui,  Mexico.  The  Texas 
test  site  has  flat  terrain,  relatively  clear  days  and  nights,  an 
abundance  of  ground  truth,  and  the  presence  of  am  ongoing  eradication 
program.  The  Fortin  test  site  is  almost  completely  opposite  in  char- 
acter with  its  rugged  terrain,  extensive  cloudy  periods,  lack  of  an 
eradication  program,  and  limited  ground  truth  (except  that  which  could 
be  established  locally  by  project  personnel) . The  results  achieved  in 
each  test  site  were  different,  as  one  might  expect,  and  are,  there- 
fore, considered  separately. 

The  McAllen  test  site  was  established  before  activation  of  the 
international  agreoaent  between  KASA  and  the  Comisidn  Nacional  del 
Espacio  Exterior  (CONES),  the  Mexican  space  agency,  to  participate  ir 
the  screwworm  program.  Because  of  the  high-quality  data  obtained  during 
early  studies,  work  in  this  test  site  was  continued  and  expanded  to 
cover  additional  areas  in  Texas  for  the  duration  of  the  developmental 
phase  of  the  project.  This  test  site  was  operated  as  part  of  a coopera- 
tive arrangcmient  with  scientists  fr«n  the  D.S.  Department  of  Agriculture 
(USDA)  experiment  station  in  Weslaco,  Texas.  In  exchange  for  ground 
truth  data,  NASA  provided  processed  satellite  imagery.  Records  of 
scre%fWOjnn  activity  throughout  South  Texas  were  correlated  with  surface 
^md  satellite  observations. 


The  Mexican  test  site  has  an  approximate  radius  of  150  km.  This 
area  lies  rn  the  southeastern  edge  of  the  Mexican  highlands  where  the 
ground  descends  precipitously  towards  the  coastal  plains.  Elevation 
varies  from  near  sea  level  to  above  2,000  m.  In  the  Mexican  test 
site,  an  office  was  established  and  equipped  with  a radio  for  daily 
communications  with  JSC.  Establishing  and  operating  the  Mexican  test 
sit'^  presented  some  problems.  First,  as  a developing  country,  Mexico 
has  protective  tariffs  that  strictly  control  all  equipment  entering  and 
leaving  the  country.  Second,  it  has  stringent  work  permit  regulations  to 
protect  jobs  for  Mexican  nationals.  Third,  it  has  strong  lalx>r  rules 
and  a comprehensive  social  security  system  for  which  industry  is  taxed 
according  to  complex  laws.  Last,  administrative  practices  in  Mexico 
are  more  deliberate  than  is  customary  in  the  United  States.  The 
approach  taken  to  solve  these  problems  was  to  subcontract  a Mexican 
company  responsible  for  hiring  personnel,  supplying  equipment  and  office 
space,  and  meeting  the  legal  obligations. 

Local  inspectors  hired  by  the  subcontractor  were  trained  by  the  USDA 
screwworm  research  staff  at  Mission,  Texas.  Their  duties  included  bait- 
ing traps,  collecting  and  sorting  flies,  visiting  ranchers  for  screwworm 
case  reports,  and  making  presentations  to  local  ranch  associations. 
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Forty  fly  traps  «#ere  placed  in  selected  areas  having  rather  well-defined 
roadways  for  ease  of  servicing.  Weekly  visits  were  made  to  the  traps 
and  selected  ranches.  Larval  samples  were  collected  during  these  visits 
for  8cre%iworm  verification.  A Mexican  scientist,  either  from  CONEE  or 
fr<Mi  the  joint  scre%fwozm  commission,  served  as  test  site  director  with 
a O.S.  8upport<sd  scientist -as  the  backup. 

Approximately  20  meteorological  stations  were  established  in  the 
test  area  to  measure  the  variation  in  local  climate.  Sites  for  the 
stations  largely  reflected  areas  that  were  easy  to  service  and  yet 
repres  tative  o'  the  general  area.  Weather  parameters  measured  included 
daily  'laximum/minimum  air  tonperature,  daily  total  precipitation,  con- 
tinuous air  t^perature,  continuous  relative  humidity,  soil  moisture 
(once  a week) , and  soil  tes^rature  (once  a week) . 

The  results  obtained  from  the  two  test  sites  varied  widely.  Fig- 
ure 10  shows  the  correlation  of  the  satellite  radiometric  surface  t^- 
perature  to  air  t^perature  in  the  McAllen  test  site  at  shelter  height 
at  the  time  of  satellite  passage.  Data  obtained  by  satellites  at  vary- 
ii^  orbits  over  the  Texas  test  area  were  used  in  this  figure,  and  the 
best-fit  regression  line  is  shorn.  The  root-mean-square  (rms)  estimate 
of  error  was  1.9*  C. 

Figure  11  shows  a few  of  the  data  sets  obtained  from  NOAA-3  as  it 
passed  over  the  Mexican  test  site  and  the  best-fit  regression  line. 

The  rms  estimate  of  error  was  2.53*  C.  As  is  evident,  data  from  this 
test  site  were  less  useful  than  the  data  from  the  McAllen  test  area  for 
developing  algorithms,  probably  because  of  map  accuracy  problems.  When 
the  same  geographic  position  of  a small  meteorological  station  was 
plotted  on  three  different  Mexican  maps,  the  resultant  latitudes  and 
longitudes  were  different  for  all  three.  The  radiometric  data  show 
considerable  scatter,  which  might  be  expected  with  uncertainty  in  the 
precise  location  of  the  ground  meteorological  station.  When  combined 
with  the  possible  registration  error  (2  km),  sizeable  position  errors 
can  be  produced. 

For  example,  consider  the  meteorological  station  at  Los  Carriles, 
which  is  located  in  an  area  of  rapid  change  in  altitude  and  terrain. 

An  uncertainty  of  2 minutes  in  either  the  latitude  or  the  longitude 
can  result  in  a positional  error  of  1.4  km  or  1.5  resolution  elements 
(pixels)  in  the  satellite  data.  This  is  not  a large  degree  of  uncer- 
tainty considering  the  conflicting  information  contained  in  maps  of 
this  area.  The  computer  registration  error  on  the  order  of  2 resolu- 
tion elements  would  result  in  a possible  location  error  of  3.5  elements 
in  the  radiometric  map.  Figure  12  shows  a computer  printout  of  the 
area  around  this  station  for  August  28,  1974,  and  a circle  of  3.5  reso- 
lution elements  in  radius.  As  can  be  seen  from  the  accompanying  tem- 
perature analysis,  this  radius  of  possible  location  can  result  in  a 
variation  of  10*  C in  temperature  range. 


The  Screwworm  Eradication  Data  System  (SEDS) 


Two  contractors  were  assigned  to  support  the  screwworm  project;  the 
Lockheed  Electronics  Company,  Inc.,  was  responsible  for  developing  basic 


research  and  development  techniques  and  the  Aeronutronic  Ford  Company 
for  designing  the  hardware  and  software  and  for  integrating  all  into 
the  daily  production  syst^,  known  as  SEDS.  Dr.  Charles  Barnes  of  the 
Bioengineering  Systems  Division  was  responsible  for  overall  systems 
development  as  related  to  the  screwworm  eradication  program  and  was 
the  technical  monitor  of  the  basic  research,  established  system  require^ 
ments.  Hr.  Robert  Spaulding  of  NASA/Ground  Data  Systmns  Division  was 
the  technical  monitor  for  the  development  of  SEDS.  As  Lockheed  developed 
basic  algorithms,  programmers  or  engineers  from  Aeronutronic  Ford 
implmoented  them  into  SEDS.  SEDS  is  now  operational;  however,  additional 
capabilities,  such  as  ^issivity  corrections,  still  need  to  be  added. 

Sane  coefficients  also  need  to  be  refined  on  the  basis  of  analyses  con- 
ducted over  many  days.  Even  so,  it  appears  that  the  accuracy  of  SEDS 
at  this  time  is  within  2.5*  for  estimating  mean  daily  air  tmDQ>era- 
ture  averaged  over  4 days.  These  accuracies  are  expected  to  improve  as 
coefficients  are  refined  and  the  emissivity  correction  is  added. 

Figures  13  through  16  show  representative  products  of  the  SEDS. 
Figure  13,  the  product  designed  for  use  by  epidemiologists,  shows  areas 
in  which  conditions  are  favorable  for  screwworm  growth.  This  product 
is  prepared  from  data  presented  in  Figures  14  through  16,  all  of  which 
are  produced  from  teog^erature  data.  In  addition,  it  incorporates  the 
Crop  Moisture  Index  for  Mexico,  prepared  at  JSC  using  programs  of  the 
U.S.  Department  of  Agriculture. 

The  data  that  SEDS  is  now  producing  daily  must  be  evaluated  by  the 
developers  and  potential  users.  Field  tests  will  assist  in  refinement 
of  the  algorithms  and  increase  accuracies  before  actual  operational 
evaluations  can  be  made.  This  evaluation  will  be  ccxnpleted  in  1976, 
at  which  tin«  the  daily  processing  of  data  is  expected  to  resume  if 
the  current  evaluation  proves  favorable. 


THE  FUTURE  OUTLOOK 


Many  who  are  familiar  with  the  results  of  the  work  achieved  by  this 
small  group  believe  that  there  are  many  other  applications  which  could 
use  daily  radiometric  temperatures  over  extended  periods.  Indeed,  in 
any  application  in  which  the  response  variables  are  temperature  depend- 
ent, the  techniques  developed  for  screwworm  eradication  should  be  useful. 
These  may  include  frost  warnings,  crop  yield  predictions,  or  plans  for 
shrimp  harvesting  or  for  the  eradication  or  control  of  other  insects. 
Certainly  the  developments  described  in  this  paper  are  at  a very  early 
stage.  With  the  approaching  launch  of  more  sophisticated  meteorological 
satellites  having  improved  radiometers  and  moisture  sensors,  new  avenues 
of  renote  sensing  may  be  opening.  The  potential  for  using  and  correlat- 
ing data  from  several  different  kinds  of  sensors  could  create  the  syner- 
gism needed  to  solve  some  of  the  most  difficult  remote  sensing  problems. 
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Figure  1.  - Present  and  proposed  screwworm  fly  barrier. 
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Figure  2.  — The  Improved  TIROS  Operational  Satellite  utilized 
in  the  screwworm  eradication  project. 


Flgura  3.  — System  for  providing  planning  information  of  whsrs  mala  stsrils 

files  should  or  should  not  be  dropped. 
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Environmental  factors  affecting  the  life  cycle  of  pupating  insects 
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Figure  7.  — Relationship  between  mean  air  temperature 
and  growth  per  generation. 
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Figure  11.  - Comparison  of  satellite  data  with  surface  temperature 
in  the  Fortin  de  las  Flores  test  site. 
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Figure  12.  — Los  Carriles  with  possible  location  error 
and  temperature  analysis,  °K. 
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Scr&lfmrm  GrcMtii  - Fi-iure  13.  — This  image  dej'icts  the  catstoired  effects  of  temperatmre  and  soil  moisture  m 
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THE  RATIONALE  FOR  ATTEMPTING  TO  DEFINE  SALT  MARSH  MOSQUITO-BREEDING  £-3 
AREAS  IN  GALVESTON  COUNTY  BY  REMOTE  SENSING 
THE  ASSOCIATED  VEGETATION 

Dy  Gerald  K.  Arp,  Lockheed  Electronics  Co,, 

Houston,  Texas 

ABSTRACT  N76-17489 

This  presentation  is  concerned  with  the  rationale  for  attempting 
to  define  salt  marsh  mosquito  breeding  areas  in  Galveston  County. 

It  includes  a botanical  survey  of  the  marsh  plant  communities,  their 
relationship  to  flooding,  and  their  exposure  to  salt  water.  Partic- 
ular emphasis  is  given  to  Diatichlis  apioata,  a widespread  marsh 
grass.  Evidence  suggests  that  breeding  areas  of  Aedea  aolliaitane 
are  associated  with  Diatiohlia  and  that  both  species  respond  to 
similar  ecological  conditions  in  the  salt  marsh.  Aspects  of  the 
remote  sensing  of  the  Diatiohlia  are  considered. 


INTRODUCTION 


Salt  marsh  mosquitoes  (Aedea  sollicitana ) are  prevalent  in 
large  numbers  along  the  Atlantic  and  Gulf  coasts  of  the  United 
States.  The  species  is  a strong  flier  and  a savage  biter;  the 
mosquito  is  a great  nuisance  and  a potential  transmitter  of  disease 
in  populated  coastal  areas  (ref.  1) . Wherever  Aedea  aolliaitans 
is  a problem,  effective  mosquito  control  has  been  difficult  because 
the  species  breeds  in  coastal  salt  marshes  and  then  flies  into 
populated  areas  (refs.  1,  2,  3). 

The  salt  marsh  biome  provides  one  of  the  richest  natural 
habitats  in  nature  and  one  of  the  most  important  food  resources 
for  man.  For  example,  28  percent  of  the  total  fish  catch  in  the 
United  States  comes  from  the  Gulf  of  Mexico.  Of  these  28  percent, 
not  less  than  97.5  percent  is  composed  of  estuarine  species,  oysters, 
and  crustaceans  which  spend  some  portion  of  their  lives  in  estuaries 
and  bays  associated  with  the  coastal  salt  marshes  (ref.  4).  Any 
imbalance  by  insecticide  poisoning  or  habitat  destruction  for 
mosquito  control  may  ruin  the  salt  marsh  as  a food  source  for  the 
associated  fish  and  could  devastate  the  American  fish  industry. 

Researchers  and  mosquito  control  personnel  have  frequently 
noted  that  ;an  association  exists  between  the  distribution  of  cer- 
tain salt  marsh  orasses,  Diatiahli z apioata  and  Spartina  patena , 
and  the  breeding  areas  of  Aed^s  aollicitana  (refs.  3,  5,  6,  7,  8, 

9 , and  10) . 

A project  for  developing  remote  sensing  techniques  to  support 
local  or  regional  mosquito  control  efforts  was  initiated  in  the 
Galveston  area  in  late  1973  and  continues.  A test  site  was  selected 
by  personnel  from  the  Galveston  County  Mosquito  Control  District  and 
the  Department  of  Preventive  Medicine  and  Community  Health  University 
of  Texas  Medical  Branch,  Galveston  in  a salt  marsh  near  the  town  of 
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Hitchcock  in  south  Galveston  County  to  analyze  salt  marsh  plant  com- 
position, to  define  the  sources  of  local  salt  marsh  mosquitoes,  and 
to  attempt  the  use  of  remote  sensing  for  effectively  delimiting  the 
specific  areas  of  mosquito  production  for  efficient  mosquito  con- 
trol without  damaging  the  important  associated  salt  marsh. 

The  project  was  developed  for  the  Health  Applications  Office 
of  the  National  Aeronautics  and  Space  Administration  (NASA)  led  by 
Dr.  Charles  W.  Barnes,  Chief,  and  directed  by  Dr.  F.  T.  Satalowich, 
Deputy  Manager.  Analyses  of  mosquito/breeding  areas  are  being  con- 
ducted by  Dr.  Warren  F.  Pippin,  whereas  the  author  is  concerned 
with  the  composition  of  the  marsh  vegetation.  Uses  of  various 
remote  sensing  techniques  for  determining  the  distribution  of  the 
plants  is  in  progress  and  will  be  reported  later.  In  this  com- 
munication, we  will  concern  ourselves  with  the  rationale  for 
attempting  to  define  mosquito  breeding  areas  in  South  Galveston 
County  and  we  will  analyze  the  basic  composition  of  the  salt  marsh 
vegetation  for  use  in  remote  sensing  the  associated  salt  marsh 
mosquito  breeding  areas. 


METHODS 


To  develop  an  understanding  of  the  marsh  itself,  background 
reference  material  was  studied  at  length  (refs.  11,  12,  33).  Plants 
were  identified  by  using  standard  botanical  keys  (refs.  14  and  15). 
Extensive  botanical  surveys  were  conducted  on  the  ground  and  from 
boats  to  define  the  extent  and  identity  of  all  important  marsh  com- 
ponents of  the  test  site.  Aerial  surveys  were  completed  with  aid 
of  several  NASA  and  Galveston  County  helicopter  missions.  Aerial 
photographs  were  made  by  the  author  by  using  a Nikon  35-mra  camera  at 
various  altitudes  from  0.91  m (3  ft.)  to  3,048  m (10,000  ft.).  Film 
types  included  color  and  color  IR  film.  Other  data  were  obtained  by 
two  NASA  overflights  on  November  21,  1973,  and  April  2,  1974,  which 
included  the  use  of  black-and  white  infrared  film  and  24-band  multi- 
spectral  scanners.  Additional  data  were  provided  by  the  Earth 
Resources  Technology  Satellite  when  possible. 


RESULTS  AND  DISCUSSION 

Relationship  of  Mosquitoes  to  Salt  Marsh  Plants 


Precise  mosquito-breeding  areas  must  be  defined  for  an  effi- 
cient mosquito  control  program.  Mosquitoes  themselves  are  much  too 
small  and  ephemeral  to  be  censused  directly,  but  the  vegetation 
growing  in  their  breeding  areas  is  a permanent  and  recognizable 
entity.  Because  the  mapping  of  mosquito-breeding  areas  is  done 
indirectly,  it  is  necessary  to  justify  the  validity  of  this  approach 
to  understand  why  mosquito-breeding  areas  can  be  mapped  by  the  remote 
sensing  of  the  associated  vegetation. 

Breeding  patterns  or  the  salt  marsh  mosquito  are  governed  by 
the  occurrence  of  intermittent  flooding  after  a long,  dry  period  of 
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days,  weeks,  or  months.  The  mosquito  eggs  may  be  laid  in  almost  any 
moist  place  in  the  marsh  and  its  associated  grassy  areas.  The  species 
seems  to  be  little  affected  by  variations  in  water  salinity.  Broods 
arise  in  5 to  30  days,  depending  on  the  temperature.  The  emergent 
adults  mate,  and  the  females  lay  most  of  their  eggs  in  the  debris 
at  the  base  of  the  vegetation  just  above  the  receding  waterline 
(refs.  2,  9,  10,  16,  17).  There  is  no  time  for  development  in  the 
duration  of  a single  daily  tidal  action.  The  species  must  choose 
an  area  which  holds  water  long  enough  for  development  (3  to  8 days), 
but  not  long  enough  to  sustain  predators  (as  in  a permanent  pool) . 

Several  things  are  important  here.  First,  the  area  cannot  re- 
main constantly  flooded,  or  no  eggs  will  be  laid.  Second,  the  area 
must  be  flooded  long  enough  for  a brood  to  complete  development. 

Third,  an  area  must  be  moist  long  enough  for  the  eggs  to  be  laid  as 
the  water  recedes  and  dry  long  enough  for  the  eggs  to  develop. 

The  salt  marsh  mosquito  is  not  host  specific  to  any  species  of 
plant,  in  the  sense  that  it  requires  some  plant  .species  to  help  com- 
plete its  development.  This  fact  is  borne  out  by  the  wide  choice  of 
reported  breeding  areas,  from  swimming  pool  and  oil  well  effluents 
to  salt  marshes  (refs.  18,  19,  20). 

In  the  Galveston  County  salt  u-.^vzh,  the  primary  breeding  areas 
lie  above  the  weekly  and  daily  high-tide  zones.  They  include  those 
regions  that  are  flooded  by  heavy  rains  or  storm  tides  and  that  re- 
tain the  flood  water  for  a few  days,  before  the  water  drains  away 
into  the  sea.  Salt  marshes  frequently  develop  kedes  breeding  grounds 
because  the  ground  relief  is  very  gradual,  the  soil  is  usually  sat- 
urated, and  the  vegetation  is  dense  enough  to  resist  the  flow  of 
water,  creating,  in  effect,  a dam.  As  pointed  out  in  reference  21, 
this  dam  retards  the  quick  dispersal  of  flood  waters  that  are  other- 
wise unable  to  escape  by  draining  into  the  saturated  soil. 

If  the  tidal  action  of  an  area,  the  height  of  the  normal  flood 
waters,  and  the  topography  are  known,  then  the  region  of  mosquito 
breeding  can  be  theoretically  and  strictly  defined.  All  of  these 
predictable,  measurable  aspects  are  obtainable  only  on  uniform 
beaches  and  marshes.  In  the  natural  marsh,  anomalies  abound,  includ- 
ing the  pocketing  effect  that  inlets  create,  the  dampering  effect 
found  on  hidden  or  protected  coves,  and  the  dune  patterning  effect 
on  tidal  action.  Additionally,  the  presence  of  variable  vegetation 
types  affects  the  rate  and  volume  of  tidal  movement  and  flooding. 

The  distribution  of  salt  marsh  vegetation  critically  reflects  the 
soil  and  water  conditions  in  a typical  salt  marsh.  This  same 
vegetation  also  reflects  any  anomalies  in  the  marsh  soil  and  water 
composition  created  by  inlets,  bayous,  etc.  (ref.  7).  Further,  the 
vegetation  will  respond  in  a predictable  and  appropriate  manner  to 
subsidence,  dredging,  road  building,  or  grazing.  The  vegetation  is 
a living  record  of  marsh  ecology,  both  past  and  present.  Thus,  a 
census  of  the  vegetation  provides  a real  picture  of  marsh  conditions. 

Based  on  the  literature  previously  cited  and  on  preliminary 
investigations  by  Dr.  Pippin  in  the  Galveston  County  mosquito  test 
site,  evidence  suggests  that  A>;des  sclli'-itans  breeding  occurs  pri- 
marily in  the  Distit-^hlis  spic^ata  association.  Although  there  is  no 
host  specific  correlation  between  the  salt  marsh  mosquito  and  salt 
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marsh  plants/  the  tidal  conditions  that  produce  a stratification  of 
vegetation  may  also  serve  to  delineate  mosquito-breeding  areas. 

This  is  possible  because  the  intermittent  tidal-flooding  situation 
conducive  to  production  of  Aedee  aolliaitana  is  also  conducive  to 
the  establishment  and  growth  of  Diatiahlia  apiaata. 

The  vegetation  is  a more  practical  indicator  of  conditions  in 
the  marsh  than  is  the  measurement  of  environmental  and  physical 
pareuneters  (ref.  7).  Thus,  the  vegetation  is  a permanent,  respon- 
sive, and  recognizable  indicator  of  mosquito  breeding  and  other 
marsh  conditions  (refs.  22  and  23).  In  the  author's  opinion, 
vegetation  is  the  easiest,  most  accurate  factor  to  census  and  map 
large  areas  for  mosquito  control  or  to  monitor  marsh  conditions. 


SUMMARY  OF  MARSH  VEGETATION 


The  salt  marsh  is  a very  harsh  habitat  for  plants,  primarily 
because  of  the  constant  presence  of  salt  water.  Marsh  species 
must  tolerate  salt  spray,  saline  wet  soil,  and  occasional  immersion 
by  fresh  and/or  salt  water.  Because  few  plant  species  have  any 
tolerance  to  these  conditions,  diversity  of  species  is  very 
restricted.  Among  those  species  which  are  tolerant  to  these  con- 
ditions, the  degree  of  tolerance  to  variations  in  salinity  and 
flood  patterns  is  different  (ref.  11) . Consequently,  in  a marsh 
there  is  a separation  of  plant  species  into  essentially  pure  growths 
of  single  species  in  response  to  the  variations  xn  salinity  and 
flood  patterns. 

Table  I illustrates  the  comparative  positions  of  the  important 
species  associations  found  in  normal  portions  of  the  test  site  in 
south  Galveston  County,  and  table  II  provides  a simple  key  to  each 
association.  The  position  of  each  association  is  related  to  land 
elevation  and  water  salinity.  Land  elevation  alone  creates  the 
salinity  gradient.  Fresh  water  enters  on  the  upslope  and  surface 
sides  via  rain,  flooding,  and  percolation  of  water  from  inland  out 
toward  the  sea.  This  water  movement  leaches  the  sea  salts  and  soil 
nutrients  down  and  toward  the  sea.  Salt  water  enters  from  the  sea- 
side (lower  side),  and  it  too  percolates  through  the  soil.  Tidal 
activity,  winds,  and  storms  push  salt  water  onto  land  for  varying 
periods  of  time  and  at  varying  depths  throughout  the  marsh.  A 
dynamic  equilibrium  results  between  fresh  water  and  salt  water  and 
between  flooded  lands  and  higher  lands.  It  is  the  distribution  of 
this  dyncunic  equilibrium  which  decides  the  distribution  of  salt 
marsh  grasses.  The  grasses  are  tolerant  to  specific  degrees  of 
salinity  and  flooding  and  are  thus  confined  to  the  particular  marsh 
sites  which  they  can  tolerate. 

Spartina  altevni flora  resides  in  those  areas  of  the  marsh  that 
are  frequently  flooded  by  salt  water  and  remain  wet  and  very  saline. 
This  species  resides  along  the  muddy  estuary  margins  and  sits  about 
7.5  cm  (3  in.)  above  the  normal  daily  high-tide  mark.  The  roots 
always  remain  in  saline  sodden  mud,  whereas  the  aerial  portions  and 
crown  receive  periodic  inundation  by  salt  water  for  periods  of 
several  weeks  during  each  winter.  During  the  summer,  however,  pre- 
vailing offshore  winds  allow  for  the  drying  necessary  for  growth. 
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Associated  with  Spartina  alterniflova  Is  Batie  maritima.  It 
grows  in  situations  nearly  identical  to  Spavtina  alterniflova,  but 
is  not  an  widely  established  in  this  particular  marsh.  As  a zone, 
the  Spartina  alterniflova  community  may  cover  hundreds  of  square 
yards.  Much  of  the  area  surrounding  Spartina  alterniflova  and  Batie 
maritima  is  devoid  of  all  vegetation  and  consists  only  of  flats. 

On  the  higher,  or  uphill,  side  of  the  Spartina  alterniflova  and 
Batie  maritima  district,  the  Dietiohlie  epioata  association  develops. 
It  is  also  well  adapted  to  highly  saline  water  and  long  periods  of 
Inundation.  However,  it  must  reside  in  higher  ground  because  of  its 
shorter  stature  which  does  not  allow  it  to  compete  with  Spartina 
alterniflova.  Associated  with  the  widespread  mat-foxrming  Dietiohlie 
epioata  is  Saliaornia  virginioa.  This  perennial  Salioornia  is  fairly 
common  and  widely  distributed  among  the  Dietiohlie,  but  it  is  not 
evident  most  of  the  year  because  of  the  density  o'"  Dietiohlie  stands. 
In  the  spring,  however,  the  Salioornia  does  evidence  itself  for  a 
few  weeks.  It  is  from  this  district  that  most  Aedee  eollioitane 
appear  to  be  produced  in  Galveston  County.  This  grassy  community 
may  cover  hundreds  of  acres  along  the  shorelir. . . and  tFie  association 
may  mix  with  Spartina  patene. 

Spartina  patene  grows  with  and  above  Dietiohlie  epioata.  This 
Spartina  can  stand  conditions  similar  to  the  Dietiohlie.  Both 
species  withstand  flooding,  prolonged  inundation,  and  salinity,  but 
Spartina  patene  seems  less  able  to  withstand  the  depths  of  water 
occasionally  encountered  by  the  Dietiohlie.  Spartina  patene  there- 
fore resides  on  higher  ground.  However,  this  apparent  elevation 
may  be  due  in  part  to  the  tussock  type  growth  of  Spartina  patene. 

In  the  test  site  this  grass  forms  only  small  mixed  associations  of 
a few  square  yards  each.  However,  in  other  marshes,  this  grass  is 
very  important  and  is  therefore  treated  as  a separate  association. 

The  salt  flat  community  is  found  on  muddy  flats  above  those 
districts  frequented  by  Dietiohlie  epioata  and  Spartina  patene. 

The  flats  are  also  found  throughout  the  Spartina  epartinae  associa- 
tion and  may  actually  form  a subcommunity  within  the  Spartina 
epartinae  association.  The  salt  flat  association  derives  its  name 
from  the  presence  of  expanses  of  unvegetated  saline  clay  soil. 

Around  the  edges  of  these  areas,  mounds  of  Saliaornia  utaheneie  and 
Monanthochloe  littoralie  grow.  The  annual  Salioornia  bigelovii 
forms  pure  stands  in  the  center  of  the  mud  flats  during  the  spring 
of  each  year.  Flooding  soon  kills  out  the  Salioornia  bigelovii, 
again  leaving  only  expanses  of  muddy  salt  flats.  This  association 
is  seldom  extensive  and  only  occurs  as  a marginal  fringe  between 
the  Spartina  epartinae  association  and  the  Dietiohlie  epioata 
association. 

The  Spartina  epartinae  association  resides  on  high  ground  of 
at  least  25.  cm  (10  in.)  above  highest  tide  where  inundations  occur 
only  during  storm  tides  rather  than  at  the  weekly  or  monthly  inter- 
vals as  found  in  the  Spartina  alterni flora  and  Dietiohlie  epioata 
districts.  Spartina  epartinae  has  minimal  tolerance  to  saline 
conditions,  and  inundation  for  extended  periods  is  fatal  to  it.  The 
ground,  however,  usually  remains  sodden  because  of  poor  drainage 
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and  frequent  rains,  which  lower  the  salinity  levels  considerably 
and  maintain  them  most  of  the  year.  In  the  upper  portions  of  the 
Snartina  epartinae  district  (over  91  cm,  or  3 ft.),  only  tropical 
storm  and  hurricane-associated  floods  occur.  The  Spartina  apartinae 
association  is  easily  the  most  extensive  vegetation  type  of  the  salt 
marsh.  As  much  as  50  percent  of  the  tota>  marsh  and  nearly  all  of 
the  higher  portions  of  the  marsh  are  dominated  by  this  grasd. 


AERIAL  CHARACTERISTICS  OF  DISTICHLIS  AND  SPARTINA  PATENS 


To  remotely  sense  Dietiaklis  apicata  and  Spartina  patenst  the 
grasses  most  commonly  associated  with  Aedee  aolliaitana  breeding,  it 
is  necessary  to  identify  them  at  various  altitudes. 

In  the  Galveston  test  site,  Diatichlia  forms  essentially  pure 
stands  of  grass  which  resembles  a lawn  from  a distance.  Each  grass 
plant  is  composed  of  a stem  7.5  to  45.  cm  (3  to  18  in.)  tall  with 
two  ranks  of  leaves,  each  7.5  cm  (3  in.)  long,  slender,  and  slightly 
curved.  Diatichlia  forms  extensive  mats  of  almost  pure  grass  and 
with  only  an  occasional  Salioornia  virginica  mixed  among  the  grass. 
Typically,  the  mat  is  very  dense.  The  lawn-like  appearance  is  very 
diagnostic  and  is  recognizable  at  altitudes  in  excess  of  305.  m 
(1,000  ft.).  Therefore,  identification  of  Diatichlia  should  be  pos- 
sible from  any  low-flying  aircraft  or  imagery  taken  over  a salt  marsh. 
Diagnostic  characteristics  of  this  association  include  the  short, 
fine-leaved  stature,  the  occurrence  on  mud  flats,  the  lawn-like  uni- 
formity, the  vast  pure  populations,  the  gray-green  summer  color  and 
straw-yellow  winter  color,  and  the  ability  to  be  flooded  for  weeks 
each  winter  without  dying  out. 

The  second  important  association  is  a rather  small  one  composed 
solely  of  Spa:'tina  patena.  The  community  is  common  in  Louisiana  and 
to  the  east  "nd  north  of  Galveston  County,  but  is  not  common  in  the 
immediate  Galveston  mosquito  test  site. 

Spartina  patena  is  best  characterized  by  its  medium-green  long, 
narrow  foliage  which  gives  a silky  hair-like  effect  when  viewed  in 
context  th  the  other  marsh  land  communities.  The  grass  stands 
38  to  (15  to  24  in.)  tall,  forms  clumps,  and  frequently  occurs 

near  Di  .hlia  apicata.  The  two  grasses  are  easily  separated 
because  ae  lawn-like  Diatichlia  differs  mar-.edly  from  the  soft  and 
hair-like  Spartina  patena.  Additionally,  color  or  black-and-white 
infrared  photographs  of  the  marsh  separate  Spartina  patena  from  all 
other  grasses  in  the  marsh. 


CONCLUSIONS 


Careful  analysis  of  appropriate  literature  reveals  that  the 
occurrence  of  salt  marsh  mosquitoes  (Aedes  solluctions)  may  be  tied 
to  particular  vegetation  types;  i.e.,  Diatichlia  apicata  and 
Spartina  patena  Analysis  of  the  Galveston  salt  marsh  community. 
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reveals  five  jmajor  plant  associations  ranging  from  eea  l-^vel  to 
91  cn  (3  ft.)  in  e'ev^ition.  1‘he  associations  are  Spart^na  a~>ter- 
ni flora t Distiehlia  apicatUt  Spartina  patana,  salt  flats,  and 
Soartina  apartinas.  From  aircraft  overflights  at  various  altitudes, 
characteristics  that  identify  Diatiahlia  apicata  and  Spartina  pa  tana 
wore  defined.  These  characteristics  may  be  used  in  identifying  the 
associated  mos,qv.ito*-breeding  areas  either  visually  or  by  remote 
sensing. 
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TABLE  I.  - SLMMARY  OF  THE  PLANT  COMMUNITIES  AND  ASSOCIATED 
GROUND  ELEVATION  IN  THE  GALVESTON  MOSQUITO  TEST  SITE 


Ground  elevation 

Plant  communities  in  the 

Environmental  notes 

Cm. 

In 

Galveston  mosquito  test  site 

121.9 

48 

Trees 

60.9 

- 

182.8 

24 

— 

72 

Shrubs,  grasses 

Hurricane  ana  tropical  storm  tide 
zone 

60.9 

- 

121.9 

24 

- 

48 

Mixed  grasses 

25.4 

- 

91.4 

10 

- 

36 

Spartina  apartinae 

Occasional  flooding 

25.4 

- 

60.9 

10 

- 

24 

Sali aornia/Monanthoahloe  + void 

Occasional  flooding 

20.3 

- 

39.4 

8 

- 

12 

Spartina  patena 

Monthly  high  tide  and  seasonal 
wind 

15.2 

- 

25.4 

6 

- 

10 

Diatiahlia  apiaata 

Monthly  high  tide  and  seasonal 
wind 

7.6 

- 

20.3 

3 

- 

8 

Bat  is  + void 

Tide  zone 

7.6 

- 

15.2 

3 

- 

6 

Spartina  alterni flora  + void 

Tide  zone 

0 

0 

1 

Mean  high  tide  on  a calm  day 

TABLE  II.  - REFERENCE  KEY  TO  THE  SALT  MARSH  ASSOCIATION 


Vegetation 

Association 

Barren  areas  boarded  by  small 
shrubby  mounds 

Salt  flats 

Vast  lawn-like  expanses  of  green 
to  gray-green  grass 

Distichtis  spiaata 

Circles  or  expanses  of  reedy 
coarse  grass 

Spartina  alterni flora 

Circles  or  expanses  of  low 
uniform  shrubs  with  light- 
green  leaves  and  often 
conspicuous  stems  (not  a 
grass) 

Batts  maritirna,  component  of  the 
s p a V t i n a a 1 1 c »•  n i f 1 o ra 

Clumps  or  tufts  of  stiff,  coarse 
wire-like  grass 

Spartina  spartinac 

Clumps  or  tufts  of  soft,  silky 
green  hair-like  grass 

Spartina  patens 
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PREDICTION  OF  HEALTH  LEVELS  BY  REMOTE  SENSING 
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By  Marjorie  Rush,  Ph.D.,  University  of  Texas  School  of  Public  Health,  and 
Sally  Vernon,  M.A.,  University  of  Texas  School  of  Public  Health 

ABSTRACT  w76-‘?7490 

Measures  of  the  envlronaent  derived  from  remote  sensing  were  conq;>ared  to  census  pop- 
ulation/housing measures  in  their  ability  to  discriminate  among  health  status  areas  In  two 
urban  comnunltles.  Three  hypotheses  were  developed  to  explore  the  relationships  between 
environmental  and  health  data.  Univariate  and  multiple  step-wise  linear  regression  analyses 
were  performed  on  data  from  two  sample  areas  in  Houston  and  Galveston,  Texas.  Environmental 
data  gathered  by  remote  sensing  were  found  to  equal  or  surpass  census  data  In  predicting 
rates  of  health  outcomes.  Remote  sensing  offers  the  advantages  of  data  collection  for  any 
chosen  area  or  time  Interval,  flexibilities  not  allowed  by  the  decennial  census. 

INTRODUCTION 

Population  health  status  Is  a response  to  multl-factoral  circumstances,  one  of  which 
is  the  urban  envlronrontal  set.  Several  authors  believe  that  states  of  health  and  disease 
are  linked  to  environmental  factors  and  express  attempts  to  adapt  to  changes  In  the  environ- 
ment (e.g.,  DuBos,  1965  and  Stallones,  1972).  Certain  of  these  factors  are  revealed  by 
remote  sensing  in  the  form  of  aerial  photography  and  are  readily  discernible  by  an  Image 
analyst.  Poverty  and  density  are  two  environmental  conditions,  which  can  be  delineated  on 
aerial  photographs  (Mumbower  and  Donoghue,  1967;  Bowden,  1968;  Wellar,  1968;  Manji,  1968; 
Mullens,  1969;  and  Horton  and  Marble,  1970).  These  conditions  have  been  found  to  be  related 
to  health  by  previous  Investigators  (e.g.,  Loring,  1964;  Lieberman  and  Duhl,  1964;  Schmitt, 
1966;  Paris  and  Dunham,  1967;  Galle,  et  al,  1972;  and  National  Health  Survey,  1972).  The 
purpose  of  this  study  was  to  determine  the  applicability  of  a new  health  data  source — remote 
sensing — in  assessing  health  levels  In  two  communities.  Such  data  may  expedite  placement  of 
health  Intervention,  monitoring,  or  treatment  units.  This  remote  sensing  capability  was 
demonstrated  in  studies  of  both  Houston  and  Galveston,  Texas  (Rush  and  Vernon,  1973  and  Rush, 
Goldstein,  and  Hsl,  1974). 


HYPOTHESES 

Based  on  a review  of  environmental  health  literature,  an  empirical  generalization 
was  formulated:  land  use  and  residential  quality  of  an  area  are  associated  with  the  health 
status  of  the  population  residing  in  that  area.  Three  hypotheses  were  developed: 

1.  Environmental  variables  revealed  by  remote  sensing  can  predict  mortality  and 
morbidity  rates. 

2.  Population  and  housing  variables  reported  by  the  Census  can  predict  mortality 
and  morbidity  rates. 

3.  There  Is  no  difference  in  the  health  predictive  strengths  between  environmental 
variables  and  census  variables. 

METHODOLOGY 

Subareas  within  Houston  and  Galveston  were  described  by  three  sets  of  data.  The  in- 
dependent variables  consisted  of  two  sets  of  ecological  data— environmental  data  Interpreted 
from  photography  and  population/housing  data  from  the  1970  Census.  Dependent  variables  were 
selected  measures  of  population  health  responses.  Health  data  were  compared  with  the  spa- 
tial distributions  of  visual,  physical,  environmental  characteristics  Identified  from  pho- 
tography. The  association  of  census  population/housing  data  with  the  health  variables  was 
also  measured  to  serve  as  a standard  for  comparison  of  the  predictive  strength  of  remotely 
perceived  environmental  data. 

Data  for  both  cities  were  collected  by  census  block  groups.  Thirty-seven  block 
groups  in  Houston  were  chosen  for  a representational  cross-section  of  socio-economic  resi- 
dential levels  and  industry.  In  Galveston,  a 50%  areal  sample  of  70  block  groups  was  chosen 
representing  discrete  urban  subareas  with  homogeneous  environmental  characteristics. 
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Environmental  data  were  determined  from  low  level  color  photography.  For  Houston 
the  scales  were  1:6,000  and  1:12,000  while  for  Galveston  it  was  1:24,000.  The  viewing  scale 
for  photo  interpretation  in  both  studies  was  1:6,000.  Regular  color  photographs  were  taken 
of  Houston  while  color  infra-red  film  was  used  in  Galveston.  Interpretation  of  land  uses  and 
quality  was  performed  by  lot,  then  recorded  by  block  on  a map  overlay  by  the  photo  interpre- 
ter. Quantification  by  square  feet  of  each  land  use  was  carried  out  by  a point  counting 
technique  for  Houston  and  by  a scaled  grid  for  Galveston.  Although  the  measurement  tech- 
niques differed,  testing  indicated  no  significant  differences  in  results  between  techniques. 

In  the  Houston  study,  eleven  land  use  categories  were  identified  and  residential  land 
use  was  further  broken  down  into  density  and  quality  classes  making  a total  of  22  categories 
(Table  1).  Three  residential  density  classes  were  used:  high  (under  60*  frontage),  medium 

(60*  - 90')  and  low  (-1-90').  Apartments  formed  a separate  category.  Four  quality  designa- 
tions were  made  by  the  Interpreter  based  on  subjective  evaluation  of  house  and  lot  size, 
curbs  and  gutters,  sidewalks,  garages,  streets,  foliage  and  mixed  land  uses. 

In  the  Galveston  study,  nine  land  use  categories  were  identified.  Two  categories  of 
multi-family  housing  replaced  the  apartment  category  in  Houston.  The  quality  variables  used 
for  a subjective  evaluation  in  both  studies  were  also  assessed  separately  by  percentage  of 
block  coverage  for  Galveston. 

Health  outcomes  common  to  both  studies  were  mortality,  tuberculosis,  shigella  and 
salmonella,  infectious  hepatitis  and  meningitis  (Table  II).  For  Houston,  first  offense  juve- 
nile delinquency  referrals  and  mental  health  referrals  were  also  used.  The  Galveston  study 
utilized  venereal  disease  (syphilis  and  gonorrhea),  hypertension,  and  cardiac  arrest /myocar- 
dial infarction  as  additional  health  outcomes.  Data  were  gathered  for  a time  period  of  from 
two  to  eight  years  except  for  mortality  in  both  studies,  juvenile  delinquency  in  Houston, 
and  venereal  disease  (VD)  and  tuberculosis  (TB)  in  Galveston  which  were  collected  for  one 
year.  These  behavioral  and  morbidity  data  are  subject  to  errors  of  underreporting,  unsys- 
tematic reporting,  and  problems  of  definition  generally  recognized. 

Morbidity  and  behavioral  data  were  converted  to  crude  rates  per  1,000  population. 
Houston  mortality  data  were  standardized  by  sex  and  three  age  groups  through  the  indirect 
method,  and  the  difference  between  this  rate  and  the  crude  rate  for  each  block  group  was 
use'!  for  analysis.  For  Galveston  three  standardized  age-adjusted  rates  were  utilized.  Only 
three  age  groups  were  available  on  the  block  group  level,  and  this  constituted  a limitation 
in  the  analysis.  Incidence  rates  were  calculated  for  all  morbidity  data  except  TB  for  which 
a prevalence  rate  was  used  for  Galveston. 

Univariate  and  multiple  step-wise  linear  regression  analyses  were  performed  on  the 
data.  The  percentages  of  explained  variation  (R^)  were  compared  after  ten  steps  in  the 
regression  equations. 


RESULTS  AND  ANALYSIS 

HYPOTHESIS  1:  Environmental  variables  revealed  by  remote  sensing  can  predict  mortality  and 

morbidity  rates. 

This  hypothesis  was  supported  by  data  from  both  cities.  All  16  multiple  correlation 
coefficients  between  the  environmental  variables  and  health  outcomes  reached  statistical 
significance  of  at  least  .05  (Table  III).  Fifty  percent  or  more  of  the  variation  in  the 
health  outcomes  was  explained  in  seven  cases  after  ten  steps  of  the  regression  equations. 

In  the  Houston  study,  the  environmental  variables  explained  50%  or  more  of  the  var- 
iation for  shigella/salmonella  (68%),  infectious  hepatitis/meningitis  (50%),  juvenile  delin- 
quency (57%),  and  mental  health  referrals  (66%).  In  Galveston  the  health  outcomes  for 
which  the  environmental  data  set  explained  the  most  variation  were  TB  (82%),  meningitis 
(73%),  and  VD  (74%). 

The  data  collected  by  remote  sensing  were  subdivided  into  density  and  quality  var- 
iables for  descriptive  purposes.  These  correspond  to  the  environmental  conditions  of 

302 


density  and  poverty,  previously  demonstrated  by  others  to  be  health  related. 

In  both  studies,  census  measures  of  density  were  Internal  measures  of  overcrowding 
while  the  physical  environmental  variables  measured  external  density.  In  the  Houston  study, 
the  environmental  variables  representing  density  ("schools,"  "residential  medium  density," 
and  "apartments")  explained  the  most  variability  for  mental  health  referrals  (35!l)  and  Juve- 
nile delinquency  (21X)  while  for  mortality  and  TB  they  explained  somewhat  less  (lOZ  and  12X 
respectively).  The  environmental  density  variables  In  the  Galveston  study  were  not  strong 
predictors  for  any  of  the  health  outcomes. 

The  environmental  variables  representing  quality  seemed  to  be  stronger  predictors  of 
the  Infectious  disease  categories  In  Houston.  For  Infectious  hepatltls/menlngltls,  non- 
resldential  land  use:,  designating  quality  were  the  most  Important.  "Unimproved  land"  enter- 
ed first  and  accounted  for  16%  of  the  variation.  This  land  use,  particularly  In  low  Income 
neighborhoods,  is  frequently  associated  with  the  presence  of  litter  and  other  unsanitary 
environmental  conditions.  "Streets"  was  the  next  variable  to  enter  the  equation  explaining 
an  additional  17%  of  the  variability.  Streets,  like  unimproved  land  may  be  a collection 
point  for  litter  and  rubbish  which  foster  the  spread  of  these  communicable  diseases.  In 
lower  Income  neighborhoods  where  front  and  back  yards  are  practically  nonexistent,  streets 
and  unimproved  land  may  serve  as  play  areas  for  children.  Residential  quality  was  the  most 
Important  explanatory  variable  for  shigella/ salmonella.  Both  "fair"  and"excellent"  quality 
were  inversely  related  to  this  disease  rate  explaining  35%  of  the  variability.  The  three 
highest  quality  categories  acted  similarly  in  their  relationship  to  all  health  outcomes.  As 
expected,  only  poor  quality  housing  showed  a positive  relationship  to  health. 

The  conclusions  reached  in  measuring  quality  with  environmental  variables  in  the 
Galveston  project  were  generally  similar  to  those  reached  in  the  Houston  project  and  were 
consistent  with  the  literature,  l.e.,  that  poverty  neighborhoods  measured  by  poor  housing 
and  poor  environmental  conditions  seem  to  be  the  setting  for  higher  disease  rates  than  neigh- 
borhoods of  middle  and  upper  Income  levels.  For  TB,  the  quality  variable  "parking  lots" 
accounted  for  57%  of  the  variance  while  the  "number  of  square  feet  per  dwelling  unit,"  which 
could  be  considered  either  a density  or  quality  variable,  accounted  for  an  additional  13%  of 
the  variance.  "Litter,"  "industry,"  and  "multi-family  residence"  explained  63%  of  the  vari- 
ations In  the  VD  data. 

In  addition  to  the  infectious  disease  categories,  mortality  also  showed  a relation- 
ship to  environmental  quality  variables  in  the  regression  models  for  Galveston.  The  first 
three  variables  accounting  for  36%  of  the  variation  In  mortality  under  age  18  were  "indus- 
try," "parking  lots"  and  "narrow  lot  frontages."  For  mortality,  ages  18-61,  the  variables 
accounting  for  35%  of  the  variation  were  "house  size,"  "industry"  and  "vacant  land." 

In  Houston,  remote  sensing  environmental  variables  representing  both  quality  and 
density  were  important  while  in  Galveston  those  representing  quality  showed  stronger  pre- 
dictive ability.  The  pattern  of  association  between  the  quality  variables  and  the  health 
outcomes  in  both  Houston  and  Galveston  was  generally  similar,  l.e.,  quality  variables  were 
good  predictors  of  Infectious  disease  rates,  with  the  addition  of  mortality  in  Galveston. 

HYPOTHESIS  2:  Population  and  housing  variables  reported  by  the  Census  can  predict  mortality 

and  morbidity  rates. 

This  hypothesis  was  also  given  support  with  twelve  of  the  sixteen  multiple  correla- 
tion coefficients  reaching  statistical  significance  of  .05.  In  seven  cases  50%  or  more  of 
the  variation  in  health  outcomes  was  explained. 

The  health  variables  which  were  explained  by  the  census  variables  differed  somewhat 
between  the  two  studies.  In  Houston  after  ten  steps  50%  or  more  of  the  variations  in  the 
TB  (65%),  shigella/salmonella  (72%),  mortality  (50%),  and  juvenile  delinquency  (55%),  data 
were  acounted  for  by  census  variables  while  in  Galveston  census  data  predicted  at  least  50% 
of  the  TB  (54%),  cardiac  arrest/myocardial  Infarction  (50%),  and  VD  (71%)  variations. 

Census  variables  also  consisted  of  both  environmental  quality  and  density  measures. 
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Density  as  measured  by  census  variables  was  not  an  Important  explaining  variable  for  any  of 
the  health  outcomes  In  the  Houston  study.  Census  derived  quality  measures  appeared  to  be 
slightly  stronger  predictors  of  health  levels  than  density  measures  for  both  cities.  Ten  of 
the  sixteen  first  place  variables  entering  each  equation  could  be  considered  quality  Indica- 
tors. However,  of  the  first  two  variables  entering  the  equations  half  were  labeled  quality 
and  half  density.  The  four  strongest  census  predictors  were  "X  Black,"  "X  1 person  house- 
holds," "average  value  of  owner  occupied  dwellings"  and  "X  rental  units."  These  Indicators 
were  the  strongest  predictors  of  mortality,  TB,  and  mental  health  referrals  for  Houston  while 
they  were  good  predictors  of  VD,  TB,  hypertension  and  meningitis  In  Galveston. 

The  mix  In  the  equations  of  quality  and  density  variables  from  both  remotely  per- 
ceived and  census  data  reflects  the  strong  relationship  between  environmental  quality  and 
density.  They  are  interacting  variables  which  support  one  another  In  their  relationship  to 
health  outcomes. 

HYPOTHESIS  3;  Theii  Is  no  difference  In  the  health  predictive  strengths  between  environmen- 
tal variables  and  census  variables. 

In  eleven  of  the  sixteen  cases  variation  explained  by  environmental  data  was  greater 
than  that  by  census  data.  In  only  one  of  the  five  cases  where  census  variables  explained 
more  variation  was  the  difference  in  predictive  strength  greater  than  lOX. 

It  can  be  seen  from  Table  liil  that  the  environmental  variables  In  the  Houston  study 
had  a higher  level  of  association  with  three  of  the  dependent  health  variables.  In  two 
cases — Infectious  hepatltls/meningicls  and  mental  health  referrals — the  differences  were 
substantially  higher,  26X  and  22X  respectively.  In  only  one  of  three  cases  where  the  census 
variables  had  greater  predictive  strength  was  the  difference  great — 20X  in  the  case  of  TB. 

For  the  other  two — mortality  and  shlgella/salmonella — the  differences  were  slight,  8X  and  AX 
respectively.  Overall,  however,  In  the  Houston  study  the  results  showed  about  equal  predic- 
tive strength  for  both  environmental  and  census  data  sets. 

In  the  Galveston  study  the  environmental  variables  outperformed  the  census  variable:. 
(Table  III).  The  results  showed  that  for  eight  of  the  ten  dependent  health  variables, 
environmental  variables  accounted  for  a greater  level  of  association  and  predictive  strength 
than  census  variables.  This  suggests  that  environmental  variables  may  be  considered  surro- 
gates for  the  usual  health  correlates. 

In  only  two  cases,  hypertension  and  cardiac  arrest/myocardial  infarction,  did  the 
predictive  strength  of  the  census  model  exceed  that  of  the  environmental  model  and  in  both 
of  these  cases  the  differences  were  slight,  amounting  to  AX  and  5X  respectively.  This  re- 
sult Is  significant  in  that  both  health  variables  are  chronic  diseases  and  had  not  been 
expected  to  show  strong  association  with  the  physical  environment.  It  appears  that  even  for 
chronic  diseases  the  physical  setting  may  act  as  a surrogate  for  social  characteristics 
when  examining  the  ecological  distribution  of  these  diseases. 

The  predictive  strength  of  environmental  variables  in  explaining  mortality  variation 
for  all  age  groups  in  Galveston  reached  A2X,  A9X  and  26X  respectively.  These  mortality 
models  all  reached  significance  of  5X,  while  only  one  age  category  (18-61)  reached  5X  sig- 
nificance in  the  census  model.  Since  the  mortality  data  is  the  most  valid  data  set  in  the 
group  of  dependent  variables,  these  data  support  the  utilization  of  physical  environmental 
variables  in  ecological  studies  of  mortality,  a frequently  used  measure  of  health  status, 

CONCLUSION 

Environmental  data  derived  from  aerial  photographs  were  found  to  equal  or  surpass 
census  data  in  predicting  health  levels  of  urban  subareas  in  the  two  communities  studied. 
However,  the  environmental  surrogates  of  health  outcomes  need  to  be  validated  in  other  com- 
munities. Remote  sensing  may  offer  an  alternative  data  source  to  health  planners.  It  may 
be  both  a faster  and  more  current  source  than  present  ground  survey  nethods  in  delimiting 
public  health  problem  areas. 
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TABLE  I.  - LA14D  USE  CATEGORIES  HOUSTON  AND  GALVESTON 


1 HOUSTON 

GALVESTON  1 

1-12 

Residential-Single  Family 

Residential-Single  Family 

Quality:  Excellent,  Good, 

Multi-family  1-3  story 

13 

Fair,  Poor 

Density:  High,  Medium,  Low 

Apartments 

Multi-family  -fl  stories 

14 

Comomrcial 

Commercial 

15 

Industrial 

Industrial 

16 

Unimproved 

Vacant  & Unimproved 

17 

18 

Parks  & Recreation  Areas 
Cemetarles 

7 

Open  Space 

19 

20 
21 

Churches 

Schools  & Educational  facilities 
Hospitals  & Health-related 
facilities 

8 

Community  Facilities 

22 

Streets 

9 

Parkins  Lots 

TABLE  II.  - HEALTH  OUTCOMES  HOUSTON  AND  GALVESTON 


HOUSTON 

GALVESTON 

Mortality-sex  and  age  group 

Mortality  - ages  17  and  under 

adjusted  (3) 

Mortality  - ages  18-61 

Tuberculosis  (incidence) 

Mortality  - ages  62  and  over 
Tuberculosis  (prevalence) 

Shigella  & Salmonella 

Shigella  & Salmonella 

Infectious  hepatitis  & Meningitis 

Infectious  hepatitis 

Juvenile  delinquency 
Mental  health  referrals 

Meningitis 

Venereal  disease 
Hypertension 

Cardiac  arrest/myocardial 
infarction 
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TABLE  III.  - EXPLAINED  VARUTION  (CUMULATIVE  MULTIPLE  CORREUTION 
COEFFICIENT  SQUARED)  OF  FIRST  10  VARIABLES  IN  STEP-WISE 


REGRESSION  HOUSTON  AND  GALVESTON 


Health  Outcome 

Houston 

Galveston 

Environmental 

Variables 

Census 

Variables 

Environmental 

Variables 

Census 

Variables 

r2 

R^ 

R^ 

R2 

Tuberculosis 

.45 

.65 

.82 

.54 

Shigella/Salmonella 

.68 

.72 

.42 

.25 

Hepatitis 

.28 

.16* 

Meningitis 

.73 

.29 

Inf.  Hep /Men 

.50 

.24* 

Mortality 

.42 

.50 

Under  Age  18 

,42 

.20* 

Ages  18-61 

.49 

-35 

Over  61 

.26 

• X «> 

Cardiac  Arrest/MI 

.45 

.50 

Venereal  Disease 

.74 

.71 

Hypertension 

.45 

.49 

Juvenile  Delinquency 

.57 

.55 

Mental  Health 

.66 

.44 

Referrals 

*A11  variables  were  algnJflcant  at  the  .05  level  except  those  marked  with  this 
symbol 
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APPLICATION  OF  EREP.  LANOSAT  AND  AIRCRAFT  IHAGE  DATA  TO  E-6 

— EHViftOKME^TAi  pftOfeLfete  ft£iAY£b%7aflQ:  mm — 

Roger  V.  Amato**  Orville  R.  Russell*  and  Kenneth  R.  Martin 
Earth  Satellite  Corporation*  Washington*  D.C.  20006  and 
Or.  Charles  E.  Hler*  Indiana  Geological  Survey* 

Bloomington*  Indiana  47401 

N76-  1.7491 

ABSTRACT 

The  synoptic  and  repetitive  views  of  aerial  remote  sensing  records  offer  valuable 
environmental  and  dynamic  change  data  In  areas  of  both  surface  and  underground  coal 
mining.  Depending  upon  the  accuracy  of  requirements*  these  data  are  available  through 
both  low  and  high  level  aircraft  surveys  as  well  as  LANOSAT  and  EREP  (SKYLAB)  Imagery. 
Remote  sensors  can  provide  timely  and  accurate  Information  on  surface  mining  status  and 
reclamation  progress,  coal  mine  refuse  piles  and  slurry  pmds*  acid  water  and  slltatlon 
problems*  and  various  aspects  of  environmental  Impact.  With  two  concurrently-orbiting 
earth  resources  satellites  (LANOSAT  1 and  2)  providing  repetitive  coverage  every  nine 
days,  mining-environmental  data  can  be  supplied  to  state  and  federal  agencies  in  a 
timely  manner.  This  Is  particularly  Important  because  of  the  accelerated  development 
of  coal  resources  to  meet  unprecedented  energy  demands. 

Remote  sensing  techniques  were  used  to  study  coal  mining  sites  within  the  Eastern 
Interior  Coal  Basin  (Indiana,  Illinois,  and  western  Kentucky}*  the  Appalachian  Coal 
Basin  (Ohio,  West  Virginia*  and  Pennsylvania)  and  the  anthracite  coal  basins  of  north- 
eastern Pennsylvania.  Remote  sensor  data  evaluated  during  these  studies  were  acquired 
by  LANDSAT*  SKYLAB  and  both  high  and  low  altitude  aircraft.  Airborne  sensors  Included 
multlspectral  scanners,  multiband  cameras  and  standard  mapping  cameras  loaded  with 
panchromatic,  color  and  color  infrared  films. 

The  research  that  has  been  conducted  In  these  areas  Is  a useful  prerequisite  to 
the  development  of  an  operational  monitoring  system  that  can  be  periodically  employed 
to  supply  state  and  federal  regulatory  agencies  with  supportive  data.  Further  re- 
search, however,  must  be  undertaken  to  systematically  examine  those  mining  processes 
and  features  that  can  be  monitored  cost  effectively  using  remote  sensors  and  for  deter- 
mining what  combination  of  sensors  and  ground  sampling  processes  provide  the  optimum 
combination  for  an  operational  system.  The  preliminary  studies  described  In  this  paper 
supply  information  useful  for  directing  the  scope  of  this  necessary  follow-on  research. 


INTRODUCTION 


Surface  mining  for  coal  is  expanding  rapidly  to  meet  Increasing  energy  needs  and 
at  the  same  time  both  the  public  and  government  are  placing  Increasing  emphasis  on 
ensuring  that  coal  and  other  minerals  can  be  extracted  from  the  earth  with  a minimum  of 
environmental  damage.  This  increasing  concern  over  the  adverse  environmental  effects 
of  surface  mining  1s  resulting  In  the  need  for  the  acquisition  of  a large  quantity  of 
new  data  related  to  mining  and  mined  land  reclamation  and  for  a rapid  and  cost  effec- 
tive means  of  such  data  acquisition. 


* Now  with  the  U.S.  Geological  Survey,  Washington,  D.C. 
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Remote  sensors  can  provide  timely  and  accurate  information  on  surface  mining 
status  and  reclamation  progress,  coal  mine  refuse  piles  and  slurry  ponds,  acid  water 
and  siltation  problems,  and  various  aspects  of  environmental  impact.  Depending  upon 
the  accuracy  of  requirements  of  various  user  agencies,  these  data  are  available  through 
both  low  and  high  level  aircraft  surveys  as  well  as  LANDSAT  and  EREP  (SKYLAB)  imagery. 
With  two  concurrently-orbiting  earth  t'esources  satellites  (LANDSAT  1 and  2)  providing 
repetitive  coverage  every  nine  days,  the  potential  exists  for  providing  mining-environ- 
mental data  to  state  and  federal  agencies  in  a timely  manner. 

This  paper  summarizes  the  results  of  several  investigations  in  which  remote  sen- 
sing records  were  used  to  supply  data  on  various  environmental  problems  related  to  both 
surface  and  underground  coal  mining.  These  investigations  were  made  on  coal  mining 
sites  in  the  Eastern  Interior  Coal  Basin  (Indiana,  Illinois,  end  western  Kentucky),  the 
Appalachian  Coal  Basin  .Ohio,  West  Virginia  and  Pennsylvania)  and  the  anthracite  coal 
basins  of  northeastern  Pennsylvania.  Remote  sensor  data  evaluated  during  these  studies 
were  acquired  by  LANDSAT,  SKYLAB  and  both  high  and  low  altitude  aircraft.  Airborne 
sensors  included  multi  spectral  scanners,  multi band  cameras  and  standard  mapping  cameras 
loaded  with  panchromatic,  color  and  color  infrared  films. 


LANDSAT  IMAGERY 


LAiroSAT  imagery  has  proven  useful  for  detecting  changes  resulting  from  active 
mining  and  from  land  reclamation  developments.  The  spatial  resolution  of  the  system 
is,  however,  a significant  problem,  particularly  for  small  areas  of  only  a few  hectares. 
Since  one  pixel  element  is  almost  0.5  hectare  in  size,  the  averaging  of  energy  in  a 
pixel  that  extends  across  a boundary  of  mined  and  non-mined  land  can  produce  erroneous 
area  measurements  of  substantial  dimensions.  The  larger  the  mined  area,  the  smaller 
the  percentage  of  error  that  will  be  encountered. 

Based  on  this  fact,  the  potential  for  the  application  of  LANDSAT  imagery  to  mined 
land  monitoring  are  greater  for  states  with  ar-eaV  mining  than  for  states  with  contour 
mining. 

The  discrimination  of  mined  land  features  is  somewhat  limited  on  LANDSAT  imagery. 
For  instance,  it  is  difficult  to  identify  land  disturbed  by  actual  mining  and  that 
disturbed  by  other  associated  activities,  particularly  the  systematic  removal  of  vege- 
tation in  advance  of  actual  stripping  operations.  Also,  as  mined  land  is  revegetated, 
it  blends  into  the  non-disturbed  land  and  is  difficult  to  identify. 2/  This  is  illus- 
trated in  Figure  1.  The  reflective  properties  of  freshly  mined  spoil  (A)  is  similar  to 
the  exposed  strata  (B)  where  the  soil  cover  has  been  removed.  Partially  revegetated 


y The  term  “area"  mining"  is  normally  used  for  surface  mining  in  low  relief  terrain 
where  the  overburden  can  be  totally  removed  and  all  the  coal  extracted,  thus  large 
areas  are  uniformly  disturbed.  "Contour  mining  is  restricted  to  areas  of  high 
relief  and  the  coal  bed  is  uncovered  in  a narrow  band  around  the  mountain.  As 
many  of  the  coal  beds  where  this  technique  is  used  lies  nearly  horizontal,  the 
stripping  essentially  follows  the  contour  the  mountain,  thus  the  name. 

2/  This,  of  course,  is  one  of  the  objectives  of  mined  land  reclamation  and  the  diffi- 
culty mentioned  extends  to  analysis  of  aerial  photography  and  even  to  ground 
observations  if  the  land  is  well  reclaimed. 


mine  spoil  (C)  will  have  a reflective  character  Intermediate  between  bare  rock  and 
undisturbed  land  (D).  Reclaimed  land  which  has  been  reseeded  to  grasses  (E)  has  reflec- 
tive properties  much  like  the  natural  terrain  (0). 

LAMDSAT  Imagery  can  be  employed  for  delineation  of  freshly  stripped  non-mined 
land,  and  for  making  one  or  two  Intermediate  classifications  of  stages  of  revegetation. 


SKYUB  (EREP)  IMAGERY 

The  larger  scale  of  SKYLAB  photography  in  comparison  to  LANDSAT  Imagery  offers  a 
greater  potential  for  acquiring  surface  mined  land  Information  usable  by  state  and 
federal  agencies. 

To  determine  tho  degree  of  utility  of  Si^YLAB  imagery  and  to  make  conqoarlsons 
between  SKYLAB,  LANDSAT  and  aircraft  imagery  for  such  studies,  two  test  sites  in  the 
Eastern  Interior  Coal  Basin  were  selected.  Thes^  sites  were  the  Sullivan  area  south  of 
Terre  Haute  In  western  Indiana  and  the  Millport  area  In  Nuhlenburg  and  Hopkins  counties 
of  northwestern  Kentucky. 


Sullivan.  Indiana  Test  Site 

The  area  between  Sullivan  and  Terre  Haute,  Indiana  was  selected  as  a test  site  for 
surface  mining  because  of  the  presence  of  (a)  several  large  active  surface  mines,  (b) 
large  areas  of  older  reclaimed  and  unreclaimed  mined  land  and  (c)  two  large  underground 
coal  mines.  Black  and  white  enlargements  of  the  S-190B  color  and  color  Infrared  imagery 
were  made  to  determine  the  maximum  scale  to  which  the  Imagery  could  be  enlarged  without 
excessive  image  deterioration  and  to  determine  the  optimum  scale(s)  for  visual  analysis. 
To  test  analysis  quality  at  different  scales,  photographic  enlargements  were  made  to 
1:500,000,  1:250,000,  1:100,000,  1:50,000  and  to  1:24,000,  the  latter  a 40X  enlarge- 
ment. The  1:250,000  and  1:100,000  scale  enlargements  proved  most  useful  for  this 
investigation. 

The  1:250,000  scale  enlargement  was  compared  with  a recently  published  (June,  1972) 
strip  mine  area  map  of  Indiana.  This  analysis  revealed  significant  advances  of  strip 
mining  in  the  Dugger,  Jasonville  and  Sullivan  areas,  and  the  opening  of  a new  mine  n«>ar 
Hymera.  Land  which  has  been  strip  mined  and  reclaimed  recently  (within  the  past  5 
years)  was  evident;  however,  on  the  SO-242  film,  older  mined  lands  overgrown  with  trees 
were  difficult  to  differentiate  from  the  nearby  unmined  farm  and  forest  lands.  However, 
in  areas  of  medium  to  high  contrast,  changes  in  mined  areas  as  small  as  1 hectare  could 
be  identified  visually  on  the  imagery. 

Analysis  of  the  1:100,000  srale,  black  and  white  S-19CS  enlargements  indicated 
that  nearly  all  past  and  current,  if  less  than  75%  vegetal  covered,  could  be  accurately 
delineated  and  that  one  or  two  classes  of  reclamation  assessment  could  be  detected. 
Cultural  detail  at  this  sca’e  was  adequate  for  positioning  the  mine  delineations 
accurately  on  existing  base  maps. 

A 1:24,000  black  and  white  enlargement  was  made  of  the  large,  active  Minnehaha 
Mine  to  determine  if  S-1906  data  was  suitable  for  updating  existing  large  scale  mined 
land  maps  or  for  use  as  7-1/2'  quadrangle-sized,  photobase,  mined-land  :';aps.  This 
enlargement  illustrated  in  Figure  2 is  about  the  maximum  enlargement  permissible  for 
SKYLAB  S-190B  imagery  without  excessive  image  deterioration.  Although  the  mined  areas 
could  be  readily  delineated  (especially  where  high  contrast  exists  between  the  freshly 
mined  soil  and  rocks  and  the  much  darker  surrounding  vegetation),  the  resolution  of  the 
enlargement  at  this  scale  was  not  adequate  to  produce  the  detail  and  accuracy  deemed 
necessary  for  some  state  and  federal  agency  needs.  At  this  scale,  high  contrast  mined 
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areas  could  be  delineated  with  a tolerance  of  + Imm  (+  17  meters),  whereas  some  of  the 
lower  contrast,  previously  reclaimed  areas  could  only  be  delineated  with  a line  accu- 
racy of  + 2.5mm  or  about  60  meters. 


Millport.  Kentucky  Test  Site 

The  Millport  test  site  was  selected  because  of  previous  investigations  in  the 
areas  and  the  availability  of  considerable  ground  truth  data.  This  site,  with  its  thin 
soil  cover  and  bedrock  exposures  also  contrasts  with  the  Sullivan  test  site  which  is 
overlain  with  a varied  thickness  glacial  drift  cover  up  to  several  meters  thick.  A 
mined  land  inventory  map  was  prepared  at  1:24,000  scale  using  quadrangle  centered 
1:80,000  scale  panchromatic  photography.  LANDSAT  and  SKYLAB  imagery  were  evaluated  for 
possible  use  in  updating  this  map.  A 1:24,000  scale  enlargement  was  made  from  S-190B 
color  infrared  imagery  of  this  7-1/2'  quadrangle  area,  and  enlargements  to  1:80,000 
scale  were  made  of  both  SKYLAB  (Figure  3)  and  LANDSAT  (Figure  4)  imagery  to  compare 
directly  with  the  high  altitude  aerial  photographs.  The  SKYLAB  imagery  was  acquired  on 
September  15,  1973,  whereas  the  highest  quality  LANDSAT  frame  for  this  same  area,  and 
the  one  used  in  this  study,  was  acquired  on  September  30,  1972.  Mined  land  maps  pre- 
pared from  the  aircraft,  SKYLAB  and  LANDSAT  images  formed  the  basis  for  determining  the 
detail  of  delineation  possible  with  each  type  of  imagery. 

The  enlarged  SKYLAB  imagery  allowed  discrimination  of  eight  categories  of  mining 
activity  and  reclamation  (Figure  5).  These  include  areas  which  have  been  mined  but  are 
essentially  bare  soil  and  rock,  areas  mined  with  50  to  100%  revegetation,  unmined 
areas,  refuse  areas  and  slurry  ponds,  water  bodies,  highwalls,  haulage  roads  and  other 
types  of  activity  associated  with  the  mining  of  the  coal.  The  investigators  could  not 
differentiate  contour  mining  from  area  mining  in  this  site  on  SKYLAB  imagery  although 
some  contour  mining  could  be  delineated  with  stereo  viewing  of  the  high  altitude  air- 
craft photography.  The  SKYLAB  color  infrared  imagery  proved  moderately  good  for  identi- 
fication of  areas  which  had  been  revegetated  although  distinguishing  between  different 
degrees  of  vegetal  cover  was  difficult.  This  imagery  clearly  differentiates  water 
bodies  from  coal  mine  refuse  and  slurry  ponds.  Highwalls  were  also  identified  where 
high  contrast  existed  between  the  mined  area  and  the  surrounding  vegetation.  Consecu- 
tive S-190B  image  frames  were  studied  stereoscopically,  but  the  relatively  low  relief 
in  the  area  minimized  the  advantage  of  the  third  dimension.  It  did  provide  binocular 
image  reinforcement  and  an  apparent  improvement  in  image  quality. 

The  six  categories  of  mined  land  reclamation  and  features  identified  on  the 
LANDSAT  Band  7 enlargement  of  the  same  area  (Figure  6)  included  some  highwalls,  mined 
lands  with  50%  or  more  vegetal  cover,  mined  lands  with  less  than  50%  vegetal  cover, 
mined  lands  with  essentially  bare  soil  or  rock,  unmined  lands,  and  water  bodies  or  coal 
mine  refuse  areas.  The  quality  of  the  LANDSAT  imagery  severely  deteriorated  at  the 
1:80,000  scale  enlargement,  but  it  still  showed  high  contrast  between  the  mined  and 
unmined  areas  and  proved  superior  to  the  SKYLAB  imagery  for  rapidly  mapping  lands 
disturbed  by  surface  mining. 

Disadvantages  of  LANDSAT  compared  to  SKYLAB  include  the  lack  of  resolution  of 
distinguishing  cultural  features  to  aid  in  transferring  whe  data  accurately  to  geo- 
graphic base  maps,  the  inability  Lo  distinguish  between  mine  refuse  areas,  i.e.  refuse 
piles  and  slurry  ponds  and  naturally  occurring  or  other  mining  - related  water  impound- 
ments. Other  features  associated  with  surface  mining  such  as  haulage  roads,  railroads, 
mine  preparation  plants  and  areas  being  cleared  or  readied  for  surface  mining  were  also 
difficult  or  impossible  to  identify. 
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It  appears  from  this  comparison  that  once  an  accurate  data  base  has  been  estab- 
lished from  aerial  photography,  high  quality  LANDSAT  Imagery?/  enlarged  to  scales  as 
much  as  1:100,000,  could  be  used  on  a regional  basis  If  accuracy  requirements  are  not 
stringent.  Repetitive  Imagery  with  resolution  approximating  the  S-1906  camera  would 
provide  significantly  superior  data  for  iwnltorlng  mining  and  reclamation  activities. 

A portion  of  the  SKYLAB  S-190B  color  Infrared  Imagery  was  also  enlarged  to  a scale 
of  1:24,000.  The  greater  clarity  and  contrast  of  vegetatlonal  boundaries  on  the  color 
Infrared  Imagery  (EK  3443)  rendered  an  enlargement  considerably  superior  for  analysis 
to  the  S-190B  color  film  ($0-242)  enlargement  of  the  Sullivan  test  site.  However,  the 
resolution  and  contrast  of  these  enlargements  were  not  adequate  to  provide  the  accuracy 
of  mined  land  delineations  deemed  necessary  for  most  state  reoulrements.  It  did, 
however,  within  the  accuracies  possible,  provide  substantial  data  for  updating  the 
existing  1:24,000  scale  mined  lands  map  produced  from  the  high  altitude  aerial  photo- 
graphy acquired  2-1/2  years  before. 


AERIAL  PHOTOGRAPHY 

Aerial  photography  of  various  scales  and  film  types  have  been  used  to  Investigate 
a wide  range  of  environmental  problems  produced  by  surface  and  underground  mining. 

Small  scale  (1:120,000)  color  infrared  photography  acquired  by  NASA  provided  an 
excellent  media  for  evaluating  a variety  of  mined  land  problems  to  an  accuracy  that 
will  satisfy  most  potential  use>^s.  Resolution  of  this  film  and  scale  are  such  that 
detection  of  moderate  contrast  targets  Is  possible  If  the  size  exceeds  about  5-10 
meters.  Target  sizes  for  identification  and  mapping,  however,  are  more  of  the  order  of 
10-15  meters.  Such  imagery  Is  adequate  for  mapping  both  mining  and  reclamation  progress, 
and  presenting  the  data  on  1:24,000  scale  base  maps.  The  degree  of  regrading  and 
replanting  is  easily  discernable  and  accurate  assessments  of  vegetal  ground  cover 
rapidly  made.  Mapping  units  of  two  hectares  or  more  are  practical  although  units  of  a 
fraction  of  a hectare  are  possible.  Such  Imagery  does  lack  the  resolution  for  resolving 
Individual  tree  sets  used  In  reclamation  or  for  accurately  mapping  the  detail  of  acid 
mine  drainage. 

The  color  rendition  of  the  1:120,000  scale  color  infrared  photography  provides  an 
added  dimension  for  interpretation,  and  the  subjective  judgment  of  the  analysts  are 
that,  with  this  film  and  image  scale.  Interpretations  are  more  readily  made  and  are  as 
accurate  as  that  attained  on  1:80,000  panchromatic  photography. 

A practical  application  of  1:120,000  color  infrared  photography  for  mined  land 
studies  was  made  recently  in  Indiana  as  part  of  a LANDSAT-1  experiment.  The  photography 
was  used  to  map  the  refuse  piles  and  slurry  ponds  for  the  entire  coal  field  area  of 
Indiana.  Information  developed  was  provided  to  the  Indiana  State  Legislature  to  assist 
them  in  designing  legislation  for  the  reclamation  of  such  features.  The  disposal  sites 
of  the  coal  waste  from  preparation  plants  were  identified,  located  by  township,  range 
and  quarter  section  and  plotted  on  1:250,000  scale  base  maps. 

The  Image  of  each  coal  refuse  site  was  optically  enlarged  and  classified.  However, 
area  measurements  on  sites  less  than  .8  hectare  (2  acres)  was  not  attempted.  Sites 


y Experience  in  the  midwest  area  of  the  United  States  indicates  that  atmospheric 
vapor  or  haze  seriously  degrades  much  of  the  LANDSAT  imagery  and  that  an  image  of 
superior  clarity  may  bo  acquired  only  once  or  twice  a year. 
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Mere  segregated  Into  three  primary  height  classes  based  on  stereoscopic  examination  and 
acreage  values  were  computed  with  a polar  planimeter.  Quality  control  of  data  obtained 
from  the  small  scale  color  Infrared  aerial  photography  included  spot  checking  with 
1:20,000  scale  color  and  color  Infrared  aerial  photography,  where  available,  ground  and 
light  aircraft  observations.  Reclamation  costs  for  each  site  were  estimated  by  Inte- 
grating data  derived  by  remote  sensing  with  statistics  acquired  from  Industry  and 
government  sources. 

Efforts  were  made  to  Identify  those  areas  where  acid  drainage,  vegetation  damage, 
or  stream  sedimentation  were  present.  The  proximity  of  refuse  areas  to  drainage  systems 
was  also  noted. 

Small  scale  (1:80,000)  panchromatic  photography  of  western  Kentucky  was  used  to 
test  the  utility  of  such  imagery  for  surface  rained-land  classification.  This  photo- 
graphy permitted  mapping  of  twenty-two  separate  categories  of  mined  land  disturbances, 
reclamation  and  mining  features.  These  categories  included  areas  of  active  strip 
mining,  three  categories  of  vegetal  cover  where  no  reclamation  grading  had  occurred, 
three  classes  of  vegetal  cover  where  only  partial  grading  had  occurred,  three  vegetal 
cover  classes  where  complete  reclamation  grading  had  occurred,  three  vegetal  cover 
classes  for  graded  and  ungraded  contour  mining,  plus  the  identification  of  water  bodies, 
coal  preparation  areas,  coal  refuse  areas,  delineation  of  high  walls,  and  the  identi- 
fication of  areas  disturbed  by  mining  activities  although  not  actually  mined.  Figure  7 
is  a portion  of  the  photobase  map  prepared  at  a scale  of  1:24,000. 

Large-scale  imagery  is  useful  for  detailed  reclamation  assesssment,  including 
monitoring  of  slope  angle,  spoil  type  classification  and  seedling  and  grass  growth  and 
survival;  other  environmentally  degrading  factors  which  can  be  monitored  are  the  identi- 
fication and  location  of  acid  spoil  and  acid  mine  drainage  sources,  siltation  sources 
and  deposition  sites,  classification  of  materials  In  mine  refuse  dumps,  and  burning 
refuse  piles. 

A further  demonstration  of  the  use  of  remote  sensor  data  for  identifying  the 
environmental  effects  of  mining  was  recently  completed.  With  aircraft  support  of  NASA- 
Lewis  Research  Center,  a mine  subsidence  mapping  program  was  conducted  for  the  Pennsylvania 
Department  of  Environmental  Resources  and  the  Appalachian  Regional  Commission.  In 
this  study,  the  utility  of  various  types  of  large-scale  aircraft  imagery  were  evaluated 
for  the  detection  of  surface  subsidence  features.  The  remote  sensing  data  used  for  the 
investigation  included  LANDSAT-1  imagery,  side  looking  airborne  radar  (SLAR)  imagery, 
multispectral  scanner  imagery  for  11  spectral  bands  (including  thermal  infrared), 
color,  color  infrared  and  panchromatic  aerial  photography.  LANDSAT  imagery  of  all 
seasons  was  available  whereas  most  of  the  other  remote  sensor  data  was  acquired  in 
winter  or  spring.  NASA-Lewis  Research  Center  acquired  the  SLAR,  MSS  imagery  and  the 
color,  color  infrared  and  panchromatic  photography  In  the  spring  of  1974  specifically 
for  this  investigation.  Additional  aerial  photography  was  obtained  from  NASA,  U.S. 
Geological  Survey,  and  the  Pennsylvania  Department  of  Environmental  Resources.  Complete 
photographic  coverage  of  the  Northern  Anthracite  Field  was  obtained  for  the  years  1974, 
1973,  and  1969,  and  selected  areas  were  studied  using  photographic  coverage  from  as  far 
back  as  1949. 

Significant  results  of  the  investigation  include  the  verification  of  aerial  remote 
sensing  as  an  accurate  method  of  mapping  surface  subsidence  features  in  the  anthracite 
coal  fields  of  Pennsylvania.  More  than  1,000  such  features  were  identified  in  the 
Northern  Anthracite  Coal  Field  which  were  previously  unrecorded  and  unknown.  The 
subsidence  features  were  classified  as  pothole  (Figure  8),  regional,  or  linear  based  on 
interpretation  keys  and  developed  in  the  study  on  field  verification.  Early  spring  or 
late  winter  proved  to  be  the  optimum  times  for  acquiring  aerial  photography  for  subsi- 
dence detection  in  the  northeastern  United  States.  Large-scale  (between  1:10,000  and 


1:20,000)  color,  color  infrared  and  panchromatic  photography  were  most  useful  for 
subsidence  analysis.  Table  1 summarizes  the  results  of  the  subsidence  investigations. 


CONCLUSIONS 


We  believe  this  research  is  a useful  prerequisite  for  developing  an  operationdl 
monitoring  system  for  state  and  federal  regulatory  agencies.  The  synoptic  and  rep  ti- 
tive  views  of  satellite  and  aerial  remote  sensing  imaging  systems  offer  the  potent  a1 
of  deriving  valuable  enviornmental  ^nd  dynamic  change  data  in  areas  of  both  surfac  and 
underground  coal  mining.  Dependin  upon  the  accuracy  requirements,  these  data  are 
available  through  both  satellite  and  low  and  high  level  aircraft  surveys. 

Integration  of  remote  sensing  monitoring  systems  into  the  state  mined  land  re^ula- 
tory  programs  depends  upon  many  factors  that  differ  substantially  from  place  to  pl-ce 
due  to  state  requirements  and  the  environment. 

At  present,  it  appears  that  for  most  state  requirements  for  around-the-year, 
surface  mined  land  monitoring,  LANDSAT,  or  imagery  of  comparable  resolutions,  iso 
limited  value.  Not  only  are  most  of  the  necessary  judgments  of  mined  land  status 
difficult  or  in^ossible  to  make  on  the  best  quality  of  such  imagery,  but,  in  many  i^arts 
of  the  United  States,  the  acquisition  of  cloud  free  imagery  is  uncertain.  However,  for 
periodic,  e.g.,  yearly  updating  of  regional  surface  mine  maps,  LANDSAT  may  provide 
sufficient  accuracies  for  some  users.  With  appropriate  baseline  data,  LANDSAT  can 
provide  information  rapidly  and  economically  for  updating  progress  of  new  mining  and 
reclamation  of  mined  land. 

Satellite  imagery  of  S-190A  and  S-190B  quality  offers  greater  potential  for  use  in 
routine  monitoring  programs,  and  if  available  on  a continued  basis,  undoubtedly  would 
find  application  by  state  agencies  concerned  with  mined  land  reclamation.  A real 
question  still  exists,  however,  as  to  what  extent  analysis  of  satellite  imagery  would 
replace  or  supplement  current  monitoring  procedures  and  what  the  real  cost  savings 
would  be. 

These  questions  are  largely  academic  unless  the  data  are  put  in  the  user's  hands 
in  a timely  manner.  For  example,  the  assessment  of  reclamation  quality  for  release  of 
bond  monies  requires  timely  information.  The  identification  and  apprehension  of  mining 
companies  conducting  illegal  mining  requires  the  acquisition  and  prompt  analysis  of  the 
imagery  to  be  an  effective  surveillance  method. 

Aerial  photography,  particularly  color  and  color  infrared  types,  ca  i provide  data 
for  the  evaluation  of  virtually  all  surface  mining  activities  ranging  from  pre-planning 
of  mining  activities,  th>"ough  actual  mining  and  reclamation  to  an  acceptable  state. 

The  scale  of  photography  and  film  type  used  depends  upon  the  specific  requirements  of 
the  investigation.  1:1?0,000  scale  imagery  is  sufficient  for  reliable  regional  assess- 
ment of  mining  activities,  whereas,  large  scale  photography  better  provides  engineering 
data  and  detail  of  acid  mine  problems.  Table  2 is  a summary  assessment  of  the  utility 
of  the  various  remote  sensor  data  for  mined  land  investigations. 

No  one  has  made  a systematic  evaluation  of  aerial  photography  for  mined  land 
studies,  either  from  a technical  or  economic  point  of  view.  However,  the  U.S.  Bureau 
of  Mines  has  just  initiated  a project  to  do  this.  The  results  of  this  study  and  of 
current  LANDSAT  studies  may  provide  the  impetus  needed  to  encourage  state  regulatory 
agencies  concerned  with  mining  to  incorporate  remote  sensing  data  into  their  programs. 
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TABLE  1 . UTILITY  (AS  TO  SCALE)  OF  REMOTE 
SENSORS  USED  FOR  ANALYSIS  OF  MINE  SUBSIDENCE 


SENSOR  DATA  USED 

USABLE  SCALES 

UTILITY 

OPTIMUM  SEASON 

LANDSAT-1  Imagery 

1:1.000,000-1:250,000 

Detection  of  regional 
Lineament  and  Fault 
patterns 

Various;  Band  5,  7 
Spring,  Autumn 

SLAR  IMAGERY 

1:500.000-1:100,000 

Fracture  detection 

Various;  Spring, 
Winter,  Autunrn 

Small  Scale 
Photograp^y 

1:130,000-1:90,000 

Detection  of  Fracture 
traces  and  regional 
subsidence 

Early  Spring 

Color  infrared 
(IR)  photography 

1:30,000-1:130,0-0 

Detection  of  regional 
subsidence,  fracture 
traces  and  pothole 
subsidence 

Spri ng 

Color  Photography 

1:30,000-1:130,000 

Detection  of  regional 
subsidence  and  frac- 
ture traces 

Spring 

Panchromatic,  color 
IR,  color  aerial 
photography 

1:16,000-1:30,000 

Detection  of  regional 
subsidence,  fracture 
traces,  and  linear  sub- 
sidence (extension) 

Late  Winter,  Spring 

Panchromatic,  color, 
color  IR  aerial 
photography 

1:10,000-1:16,000 

Detection  of  pothole  sub- 
sidence, linear  subsidence, 
fracture  traces,  regional 
subsidence,  environmental 
impact  analysis 

Late  Winter; 
Early  Spring 

Thermal  imagery 

1:20,000-1:10,000 

Regional  subsidence 
detection 

Spring 

TABLE  2.  imtlTY  OF  DIFFERENT  SCALES  OF  IMAGERY  FOR  EFFECTIVE  IDENTIFICATION 
OF  SELECTED  MINED-LAND  FEATURES 


PLATFORM  ANO  IMAGE  SCALE 

MINED- LANDS 
INFORMATION  CATEGORY 

AIRCRAFT  SATELLITE 

LARGE  ECAU  SMALL  SCALE  SKVLAE  LANOSAT 

1;10A00  1:20^  1:E0;D00  1;120X>00  1:500^  1:1^/100 

MIMMM  MATURM 

V M W W 

LARGE  WATER  IMROUNDMENTt 

ANO  ELURRV/SLUOOE  RONOt 

GOE/RERUEE  RILEE 

Ttn  AND  ETATUtOR  MINING 

ACCbM  IHAUU  riOAM 

• RtHroidi 

• Omp  Shah  Entnneai 
•TIpptM 

•Rana 

• Hiilliiii^ 

• EquIpnMnl 

HVDROLOGICAL  REATUREE 
• OiMnlan  dilchaa. 
outfaNa,  «apa«aa 

ENGINEERING  COMRUTATIONE 

•RoadOradaa 

LEOENO 

i>  OilWRALLV  UMrUi,-  MOMRU  tKILLIO  IMAOl  ANALVm  TO  AOOUIRi  MOCT  UMTUl  RCtULTI. 
- — — UKrui  WITH  DIMICUI.TV. 


TABLE  2 (Cont’d  • 2).  UTILITY  OF  DIFFERENT  SCALES  OF  IMAGERY  FOR  EFFECTIVE 
IDENTIFICATION  OF  SELECTED  MINED-LAND  FEATURES 


PLATFORM  AND  IMAGE  SCALE 


MINED-LANDS 
INFORMATION  CATEGORY 


AIRCRAFT 

LAROt  tCALI  SMALL  KALI 


1:10,(N» 


RfCLAMATKMI  MATURU 


1:20X)00 


1:60.000  1;120/XI0 


PERCENT  VEOETATIVE  COVER 


SURFACE  ROUGHNEIS 
(GRADING  STATUM 


VEGETATION-TYPES 

• SpWlM 

• Condition 

SURFACE  SPOIL  TYPU 


MEASUREMENTS 

• Aeroogo 

• Ortin^  Control 

EHocthonoa 

• BwiehWiddi 

• HighwNI  Holght 

• Rineont  Stop# 


ENVIRONMENTAL  FEATURES 

EROSION/SEDIMENTATION 
•Erotion  Gulllot 

• Sodimont  Dtpodtion 

• Slroim  (Motor  Turbidity 

• Uki/Rhpor  (Motor  Turbldily 


SATELLITE 
SKVLAR  LANORAT 

1:500,000  l.txnofioo 


ACID  MINE  DRAINAGE 

• Sourcoi 

• Stroom  Yoliootboy 

• Loko/Pond  Acidliy 

MINE  SUUIDENCE 
LANDSLIDES 
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FIGURE  1.  This  aerial  oblique  view  of  surface  coal  mlolng  activity  Illustrates  a 
wide  variety  of  land  disturbances  associated  with  this  Industry,  Area  (A)  1s  freshly 
disturbed^ overburden  material.  Area  (B)  has  had  the  soil  layer  removed  In  prepara- 
tiOfi  of  lining , Ared  (C)  is  older  * ungraded  spoil  piles  which  were  seeded  to  grasses 
and  trees  with  partial  reclamation  success.  Area  (E)  has  been  graded  to  a rounded 
topography  and  seeded  to  grasses.  Such  lands  blend  well  with  the  natural  terrain  {Dl 
and  are  difficult  to  differentiate  on  satellite  imagery. 
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rpURE  2.  Black  and  whUe  enlarqement  to  1:24.000  scale  of  SKYLAB  S-190B  color  tmaoe 
of  the  large  Minnehaha  surface  nine  in  the  Sullivan,  Indiana  test  site  A large 
dragline  used  for  removing  the  overburden  can  be  distinguished  on  the  original  image  at 
(A)  as  can  be  the  highwall  and  the  current  mining  furrow.  Two  ridges  of  ungraded  mine 
spoil  are  evident  at  (B).  Land  reclaimed  under  old  mining  laws  which  did  net  require 
the  ridges  to  be  leveled  is  identifiable  at  (C).  The  old  and  current  haul  roads  are 
obvious  at  iO).  The  older,  now  unused,  road  is  imaged  with  less  cont‘*ast. 
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FI6USE  5.  Map  of  surface  mining  disturbance  features  delineated  from  5KYLAB  S-190B 
(September  15,  1973)  imagery  of  the  Millport,  Kentucky  area  shown  in  Figure  3. 
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FIGURE  6.  Map  of  surface  mining  disturbance  features  delineated  from  LANDSAT-1,  Band 
7 imagery  shown  in  Figure  4.  Differences  between  this  map  and  that  made  from  the 
SKYlAB  imagery  shown  in  Figure  3 are  mainly  attributed  to  the  problem  on  lANDSAT 
imagery  of  accurately  distinguishing  be»’ween  reclaimed  land  and  vegetated  non-mined 
land. 
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FIGURE  7.  This  Imaqe  is  a portion  of  an  annotated  photobase  map  prepared  from  1:80*000 
scale  panchromatic  photography.  The  nap  was  prepared  at  a scale  of  1:24,000  and  1$ 
presented  here  at  a scale  of  about  1:50,000.  Although  good  results  were  obtained  with 
this  type  and  scale  of  imagery,  1:120,000  scale  color  infrared  photography  permits 
better  discrimination  of  reclamation  status. 
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FIGURE  8.  This  1:6,250  scale  enlargement  of  a 1:16,000  scale  panchromatic  aerial 
photograph  is  an  excellent  illustration  of  pothole  subsidence  features  as  they  occur 
in  the  anthracite  coal  fields  of  eastern  Pennsylvania.  Such  subsidence  features  are 
usually  the  result  of  mining  the  coal  seam  too  close  to  the  surface  or  to  the  base  of 
unconsolidated  valley  fill. 
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LANDSAT  INVENTORY  OF  SURFACE-MINED  AREAS  USING  EXTENDIBLE  DIGITAL  TECHNIQUES 

E-7 

By  Arthur  T.  Anderson,  Earth  Resources  Branch  NASA/GSFC,  Greenbelt,  Maryland; 

Dorothy  T,  Schultz,  General  Electric  Company,  Beltsville,  Maryland;  and 
Ned  Buchman,  General  Electric  Company,  Beltsville,  Maryland 

ABSTRACT  N76-I74ft^ 

Multispectral  analysis  of  LANDSAT  imagery  provides  a rapid  and  accurate  means  of  identi- 
fication, classification,  and  measurement  of  strip-mined  surfaces  in  Western  Maryland.  Four 
band  analysis  allows  distinction  of  a variety  of  strip-mine  associated  classes,  but  has  limited 
extendibility . A method  for  surface  area  measurement  of  strip  mines , which  is  both  geo- 
graphically and  temporally  extendible,  has  been  developed  using  band-ratioed  LANDSAT  re- 
flectance data.  The  accuracy  of  area  measurement  by  this  method,  averaged  over  three 
LANDSAT  scenes  taken  between  September  1972  and  July  1974,  is  greater  than  93%.  Total 
affected  acreage  of  large  (50  hectare/124  acre)  mines  can  be  measured  to  within  1.0%. 

INTRODUCTION 

Extraction  of  near-surface  coal  by  surface  or  "strip"  mining  techniques  is  an  economical- 
ly feasible  response  to  the  Nation's  growing  demand  for  energy.  In  order  to  reduce  depend- 
ence on  foreign  Imports,  coal  mining  activity  has  increased  greatly  in  the  last  year,  and  will 
continue  to  do  so  as  new  reserves  are  opened.  The  Nation's  need  for  energy,  however,  must 
be  balanced  with  the  environmental  consequences  of  coal  exploitation.  Surface  mining 
unaccompanied  by  reclamation  renders  the  land  useless  for  other  productive  uses.  lYoperty 
near  or  adjoining  mine  sites  is  degraded  in  value  (Ref.  1),  and  severe  erosion,  landslides, 
flooding,  air  and  water  pollution  may  also  occur. 

Of  the  estimated  2.2  million  acres  of  land  stripped  for  coal  in  the  United  States,  only  a 
third  has  been  reclaimed  (Ref.  2).  Frequent  monitoring  by  regulatory  agencies  is  required  to 
insure  reclamation  success.  National  reclamation  standards  do  not  yet  exist  and  requirements 
vary  widely  among  the  23  states  which  jxesently  regulate  strip  mining.  Thus,  information  on 
the  location,  size,  and  condition  of  mines  is  often  lacking  or  inadequate.  In  a cooperative 
NASA/State  of  Maryland  effort,  imagery  relayed  from  the  NASA  Earth  resources 
satellite (LANDSAT-1)^  was  applied  to  the  monitoring  infcxmation  needs  of  the  Maryland  State 
Bureau  of  Mines.  The  objectives  of  this  cooperative  study  were  (1)  determine  the  accuracy  of 
satellite  data  for  measuring  strip  mines  of  the  size  common  in  Western  Maryland,  and  (2) 
develop  an  operationally  feasible  procedure  for  large  area  inventorying  and  monitoring  of  sur- 
face mining. 


BACKGROUND 

The  State  of  Maryland  became  officially  involved  in  the  regulation,  monitoring  and  reclam- 
ation of  strip  mines  in  1967  when  the  State's  coal  strip  mining  law  was  enacted.  This  law, 
amended  in  1969  and  1971,  established  a Land  Reclamation  Committee  which  administrates 
the  provisions  of  the  act.  Under  this  act,  strip  mine  operators  are  required  to  obtain  licenses 
and  permits,  submit  mining  and  reclamation  plans,  procure  performance  bonds,  and  periodical- 
ly report  on  the  amount  of  land  area  disturbed.  All  of  the  disturbed  surface,  including  storage 
areas  for  topsoil  and  spoils,  haul  roads,  and  areas  disturbed  by  the  movement  of  equipment, 
must  be  reclaimed  according  to  State-approved  plans.  Mines  closed  before  the  law's  enact- 
ment will  be  reclaimed  by  the  State. 

The  LANDSAT  program  is  managed  by  the  NASA/Goddard  Space  Flight  Center,  Greenbelt,  Md. 
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To  assist  in  the  tasks  of  planning,  monitoring,  enforcement,  and  reclamation,  the 
Maryland  State  Bureau  of  Mines  needs  information  on  the  location,  size,  and  condition  of 
coal  surface  mining  areas.  Three  mine  inspectors  presently  report  monthly  on  active  mining 
operations  within  a 1541  square  kilometer  area  (595  square  miles).  The  new  regulations  and 
increased  coal  production  will  require  additional  inspectors  and  more  efficient  means  of  data 
collection. 


STUDY  AREA 

The  region  studied  in  this  investigation  includes  most  of  Garrett  County  and  the  adjacent 
area  of  Allegany  County  in  Western  Maryland.  The  State's  only  coal  deposits  are  located  in 
these  counties.  This  region,  part  of  the  Allegheny  Plateau  of  the  Appalachian  Range,  consists 
of  gently  folded  mountains,  the  result  of  differential  erosion  of  sedimentary  materials  which 
were  originally  deposited  in  horizontal  layers  and  were  comjMressed  to  form  a series  of  parallel 
mountains  and  synclinal  basins.  The  co~  1-bearing  strata  are  of  Pennsylvanian  age  and  lie 
within  200  feet  of  the  surface  in  five  majcar  basins  (Figure  1).  The  easternmost  basin,  Georges 
Creek,  contains  233square  kilometers  (90  square  miles)  of  intensive  strip  mine  activity.  Most 
of  the  strip  mines  in  this  area  follow  topographic  contours  and  are  75  to  400  meters  wide 
(250  to  1300  feet).  High  walls  range  from  20  to  45  meters  (60  to  150  feet).  The  majority  of 
mines  are  less  than  90  hectares  (220  acres)  in  size.  It  was  within  the  Ge<xges  Creek  basin 
that  multispectrai  training  of  LANDSAT  data  was  conducted . 

METHODS 


Area  Measurements 


Accurate  area  measurements  from  aerial  photographs  were  required  for  this  study  in  order 
to  quantitatively  inventory  the  area  affected  by  surface  mining  and  verify  the  accuracy  of  the 
satellite  inventory.  Rrior  to  1975  the  State  recorded  only  the  area  of  coal  surface  annually 
exposed.  For  this  study,  therefore,  total  affected  area  was  determined  by  planimetry  of  NASA/ 
Wallops  low  altitude  aerial  photography  taken  in  October  1973  (Figure  2).  The  area  measure- 
ments obtained  from  these  photographs  were  used  to  verify  the  accuracy  of  the  LANDSAT 
classifications  for  eight  surface  mines  in  the  test  site. 

Obtaining  accurate  area  measurements  from  low  altitude  aircraft  imagery  is  a difficult, 
time  consuming  task  due  to  a combination  of  factors;  off-nadir  viewing,  the  varying  elevation 
of  the  mines  in  this  area,  and  the  distortion  due  to  the  mountainous  terrain.  The  following 
procedure  was  followed  in  calculating  the  area  of  each  test  mine  from  aircraft  photography: 


• The  mine  areas  were  planimetered  four  times  with  precision  among  these  being  greater 
than  96%.  (Readings  with  a large  deviation  were  rejected.)  The  average  of  these 
readings  was  used  in  the  calculation. 


A table  of  photo  scale  versus  aircraft  altitude  was  calculated  using  the  formula: 

_ . . Focal  lenath 

Photo  scale  = — ^ — 

Altitude 


• The  table  of  photo  scale  was  verified  and  corrected  using  ground  distance  measure- 
ments on  the  aerial  photographs  and  topographic  maps. 

• The  camera  height  was  determined  by  subtracting  the  mean  topographic  elevation  of 

the  mines  from  the  corrected  aircraft  altimeter  readings.  Large  mines  were  segmented 
into  sections  of  nearly  equal  elevation. 
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• Using  the  appropriate  photo  scale  factor  the  planimetry  values  were  converted  to 
acres. 

• The  mine  acreage  values  were  corrected  for  the  viewing  aspect  angle. 

The  surface  area  measurements  obtained  in  this  manner  are  shown  in  Table  II  which  is  in 
the  Results  Section  of  this  paper.  The  test  mines  shown  in  Figure  2 range  in  size  from  12.7ha 
(31.4  acres)  to  98.7ha  (243.8  acres).  Surface  area  values  from  aircraft  photos  are  25  to  30 
percent  larger  than  the  published  State  figures  which  at  that  time  related  only  to  the  coal 
surface  exposed;  the  aircraft  values  are  for  the  total  affected  area  including  spoil  piles  and 
haul  roads.  For  accurate  reclamation  projections*  the  State  now  requires  data  on  this  total 
disturbed  area. 

High  altitude  aerial  jiiotographs  of  the  Georges  Creek  basin  are  available  from  NASA/Ames 
for  1972  and  1974.  Oiie  of  the  test  mines,  Franklin  Hill-A  was  planlmetered  on  these  photo- 
graphs because  the  entire  mine  was  not  included  on  the  1973  low  altitude  photos.  In  general, 
however,  the  areas  of  interest  were  too  small  and  too  near  the  format  edge  to  permit  accurate 
planimeter  measurement. 

The  high  altitude  photography  did  show  that  most  of  the  test  mines  changed  very  little  in 
size  during  the  two-year  period  between  the  photos.  The  only  test  mines  whose  areas  were 
significantly  different  from  year  to  year  are  those  located  near  Mill  Run . Mill  Run-B  had  not 
been  opened  in  1972,  but  was  comjietely  stripped  by  October  1973.  In  1974  it  was  backfilled. 
The  lower  section  of  Mill  Run-A  was  bare  in  1972  and  almost  completely  revegetated  in  1973 
(see  Figure  2).  The  other  test  mines  remained  approximately  the  same  size  from  1972  through 
1974. 


Multispectral  Analysis 

An  interactive,  multispectral  image  analysis  system2  was  used  to  perform  the  digital 
data  processing  of  LANDSAT  computer  compatible  tapes  (CCTs),  The  system's  image  analysis 
console  houses  a color  image  display,  controls,  and  a special  purpose  high  speed  processing 
logic.  A mini-computer  together  with  peripherals  serves  as  a system  process  controller  and 
computational  device.  The  user  interacts  directly  with  the  computer  through  a graphics  entry/ 
display  terminal.  The  graphics  terminal  also  serves  to  display  the  quantitative  processing 
results  in  both  numerical  and  graphic  form. 

Four-band  classification.-  A portion  of  LANDSAT-1  scene  1405-15242  (1  Cept.  73)  con- 
taining the  Georges  Creek  basin  was  digitally  enlarged  to  fill  the  system's  512  X 512  picture 
element  color  display  (Figure  3).  The  area  displayed  is  approximately  51.8  square  kilometers 
(20  square  miles).  Supervised  training  and  classification  were  then  performed  on  the  four 
LANDSAT  spectral  bands.  Training  sites  were  selected  with  an  electronic  cursor  which  is  sized 
and  positioned  using  a joy-stick.  The  image  analysis  system's  special  purpose  hardware 
identifies  the  spectral  reflectance  range  within  the  training  site  in  the  four  LANDSAT  bands 
simultaneously.  The  minimum  and  maximum  reflectance  values  In  each  channel  (I  ^nd)  of  the 
training  area  are  then  used  to  define  the  limits  of  a 4-dimensional  spectral  parallelepiped. 

The  picture  elements  of  the  entire  displayed  image  are  examined  pixel-by-pixel.  Those  pixels 
lying  spectrally  within  the  parallelepiped  bounds  defined  by  the  training  site  are  identified  or 
"alarmed"  on  the  TV  monitor.  This  entire  p«^ocess  requires  less  than  5 seconds.  The  system 
user  then  has  the  option  of  modifying  the  spectral  signature  to  increase  or  decrease  the  alarm 
through  thresholding  the  parallelepiped  boundaries.  This  procedure  is  known  as  single  paral- 
lelepiped training  and  classification. 

^General  Electric  IMAGE  100  System 
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In  this  study  single-parallelepiped  training  was  applied  to  areas  within  the  Georges  Creek 
basin  whose  surface  cover  was  known  from  interiretation  of  the  low  altitude  aerial  i^otography 
and  from  field  inspection.  In  certain  cases  pixels  were  classified  into  mcxe  than  one  category. 
Aerial  photographs  were  then  consulted  to  determine  the  proper  classification,  and  the  signa- 
tures of  the  overlapping  classes  were  modified  to  eliminate  the  conflicts. 

Seven  classes,  five  of  which  describe  areas  affected  by  strip  mining,  were  identified. 
Discussion  of  these  classes  and  their  extension  throughout  the  study  region  is  jx'esented  in 
the  Results  Section  of  this  paper. 

Band-ratio  cla s sification . - The  great  variability  among  4-band  signatures  for  various 
types  of  strip-mining  surfaces  discourages  the  use  of  this  means  of  classification  on  an 
operational  monitoring  basis.  A great  deal  of  ground  verification  data  is  required,  and  train- 
ing must  be  carried  out  on  each  type  of  surface.  This  is  not  only  true  in  Western  Maryland, 
but  the  Environmental  Rrotection  Agency  (Ref.  3)  has  reported  great  variation  amor.g  signatures 
for  strip  mines  studied  in  Wyoming  and  Montana.  Rreprocessing  of  the  LANDSAT  multlspectral 
data  before  classification  provides  a means  of  distinguishing  strip  mines  in  a single  classi- 
fication. The  objective  of  preprocessing  is  to  transform  the  sensor  outputs  to  minimize  the 
effects  of  environmental,  observational  and  sensor  conditions  on  signature  extraction.  Other 
investigators  O^ef.  4)  have  found  that  band-ratioing  techniques  minimize  systemic  errors  and 
decrease  temporal  and  geographical  differences.  The  rationale  behind  ratioing  can  be  illustra- 
ted by  a simplified  model  of  spectral  signal  in  the  narrow  bandwidth  (i)  of  a sensor: 

Sj'  = m^S^  + a^ 

where  Si'  is  the  observed  reflectance  and  Si  is  the  reflectance  at  the  surface.  If  the  multi- 
plicative terms  are  larger  than  the  additive  terms  and  these  are  approximately  Invariant  over 
adjacent  spectral  bands,  then  when  i+1  = j,  the  ratio 

Si'  _ miSi  _ Si 

Sj  ^'^'j^j  ®j 

is  not  affected  by  the  multiplicative  error  factors.  Hence,  multiplicative  system  errors  are 
minimized  in  the  ratioed  signals.  Table  I , borrowed  from  Kriegler  ^ef.  5),  indicates  the 
factcsrs  that  produce  signal  variation.  Note  that  most  of  the  factors  related  to  the  useful 
signal  are  multiplicative.  On  the  other  hand,  the  effects  of  atmospheric  backscatter  and 
noise  are  additive,  and  they  tend  to  mask  the  useful  signal. 


TABLE  I .-  GENERAL  FACTORS  THAT  PRODUCE  SIGNAL  VARIATIONS 


Variable 

Causes  and 

Type  of  Factor 

Factor 

Dependencies 

Multi 

Add. 

Illumination 

Shadows,  time  of  day,  clouds,  etc 

X 

Transmittance 

Altitude,  haze,  aerosols,  scan  angle 

X 

Reflectance 

Scan  angle,  sun  angle,  species, 
maturity,  vigor 

X 

Atmospheric  Backscatter 

Altitude,  haze,  aerosols,  sun  angles 

X 

Sensor  Gain 

Different  setups,  different  days 

X 

Noise 

System  components 

X 

(primarily) 

Identical  portions  of  the  1 Sept.  73  (1405-15242)  and  the  6 Sept.  72  (1045-15245)  images 
were  preprocessed  on  the  multlspectral  image  analysis  system  to  yield  twelve  band-ratios  for 
each  date.  The  procedure  used  to  determine  the  most  accurate  strip  mine  classification 
using  these  ratios  was  as  follows: 
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• In  both  images  polygon-shaped  training  sites  were  defined  to  surround  each  test 
strip  mine* 

• Histogram  lists  of  the  polygon  areas  were  obtained  for  all  twelve  LANDSAT 
ratios.  These  provided  pixel  counts  for  each  mine  in  several  gray  level  ranges. 

• Pixel  counts  for  each  mine  were  converted  to  surface  area . A LANDSAT  pixel 
equals  0.453  hectares  (1.1. acres). 

• A least  squares  regression  v/as  then  calculated  for  the  aircraft  area  values 
(y)  and  the  LANDSAT  area  values  (x)  for  each  gray  level  range,  using  data 
from  both  1972  and  1973  imagery.  The  regression  resulting  in  the  smallest 
standard  error  of  estimate  was  selected  as  providing  the  nost  consistently 
accurate  surface  area  measurement  from  both  1972  and  1973  data. 

Thts  smallest  standard  error  of  estimate,  2.16  hectares,  was  obtained  using  the  band- 
ratio  of  MSS  5/6  (Figure  4).  The  resulting  equation  was: 

y = 0.295  + 0.970  x + £; 

where  y is  the  "true"  or  aircraft  area  in  hectares;  x is  the  LANDSAT  area  in  hectares;  and  C 
is  the  residual.  This  equation  was  used  to  "adjust"  the  LANDSAT  area  measurements  far  the 
two  images.  The  MSS  5/6  strip  mine  signature  selected  by  this  procedure  was  app’  .ed  to  a 
third  satellite  image,  1729-15164  of  22  July  1974.  The  pixel  counts  for  each  test  mine  were 
converted  to  hectares  and  adjusted  by  the  factors  in  the  regression  equation.  The  resulting 
surface  area  values  for  all  three  images  are  given  in  Table  II. 

RESULTS 

Four-band  Classification 

Using  the  multispectral  analysis  system,  4-channel  training  and  classification  on  sites 
of  known  surface  characteristics  resulted  in  the  identification  of  seven  classes:  three  strip 
mine  surface  classes,  bare  soil,  partially  revegetated,  and  two  classes  of  undisturbed  land 
including  forest  and  open  fields.  Figure  5 demonstrates  the  results  of  this  classification  of 
the  test  site  on  1 September  1973  LANDSAT-1  imagery. 

Field  analysis  and  communication  with  the  Bureau  of  Mines  revealed  several  additional 
details  about  these  classes. 

• Strip  Mine  Class  1 corresponds  to  the  exposed  subsoil  and  the  spoil  piles  of 
relatively  light  color,  particularly  from  the  Franklin  and  Barton  coal  seams. 

The  mines  in  this  class  were  either  open  or  backfilled  with  spoil  material  at 
the  time  of  the  satellite  overpass, 

• Strip  Mine  Class  2 denotes  the  open  or  backfilled  mines  of  darker  subsoil, 
specifically  those  associated  with  the  Pittsburg  coal  seam.  The  overburden 
of  this  seam  contains  a large  quantity  of  burned  shale  (rashings),  which  has 
a characteristic  red  color,  and  therefore,  a distinct  reflectance  signature. 

The  red  shale  is  often  used  as  road  surfacing  material  by  the  mine  operators, 
and  some  roads  are  included  in  this  class. 

• Strip  Mine  Class  3 corresponds  to  strip  mines  that  have  been  backfilled  and 
graded,  some  of  which  are  being  used  as  landfill  areas.  Most  of  these  mines 
exposed  the  Upper  Bakerstown  coal  seam  and  its  associated  spoils. 
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• The  Bare  Soil  Class  identifies  strip  mine  surfaces  which  have  been  backfilled 
with  the  spoil,  graded  and  covered  with  topsoil.  The  soil  is  brighter  than 
subsoil  material  in  all  four  LANDSAT  spectral  bands  and  therefore  this  class 
is  distinct  from  the  three  described  above.  Sortie  of  the  mine  surfaces  Included 
in  this  class  have  been  seeded  but  are  not  yet  revegetated. 

• The  Revegetated  Class  relates  to  surfaces  which  are  similar  in  cover  to  the 
sparsely  grassed-over  airstrip  on  Franklin  Hill,  which  is  an  old  strip  mine 
that  has  been  approved  as  revegetated  by  the  State.  The  boundaries  between 
open  strip  mines  and  forests  or  fields  are  sometimes  falsely  included  in  the 
revegetated  class.  This  is  due  to  the  fact  that  the  average  reflectance  of  the 
field  of  view  of  these  boundary  pixels  is  similar  to  that  of  sparse  vegetation 
on  closed  strip  mines. 

• Open  Field  refers  to  unforested  land,  chiefly  crop  and  grazing  land,  which 
has  never  been  stripped. 

• Forest  refers  to  areas  covered  by  dense  trees  and  scrub  vegetation. 

The  signatures  derived  for  these  seven  classes  were  applied  to  the  entire  study  area 
which  contains  the  adjoining  areas  of  Garrett  and  Allegany  Counties  in  Maryland,  and  Grant 
and  Mineral  Counties  in  West  Virginia,  The  resulting  regional  classification  is  shown  in 
Figure  6. 

Certain  surfaces  are  falsely  alarmed  (classified)  when  the  multispectral  signatures  are 
extended  over  a larger  area.  For  example,  the  town  of  Keyser,  Maryland,  located  to  the  right 
of  center  in  Figure  6,  is  classified  as  strip  mine.  Apparently  the  vegetated/non-vegetated 
contrast  in  reflectance  of  the  town  is  similar  to  that  of  the  mines.  Another  false  alarm  includes 
the  railroad  yard  west  of  Keyser.  The  dark  railroad  bed  material  is  classified  in  the  second 
strip  mine  class.  The  bare  soil  classification  correctly  identified  areas  other  than  backfilled 
spoils.  Along  the  west  bank  of  the  North  Branch  of  the  Potomac  River,the  construction  site  of 
a new  rail  cut  'ocated  adjacent  to  the  river  was  classified  as  bare  soil. 

Band-Ratio  Classification 

Using  band-racioed  data  and  linear  regression  analysis  it  was  possible  to  extend  a single 
signature  to  three  LANDSAT  images  covering  a time  span  of  two  years.  Of  the  12  LANDSAT 
band-ratios,  the  ratio  of  MSS  5/6  proved  tc  provide  the  most  consistently  accurate  results 
when  compared  to  aircraft  planimetry.  Using  the  linear  regression  equation  the  standard  error 
of  estimate  is  less  than  5 pixel-sized  units.  The  correlation  coefficient  (r)  of  the  linear 
regression  is  0.997.  The  results  of  the  band-ratio  classification  of  the  Sept.  72,  Sept.  73, 
and  July  74  LANDSAT  data  are  presented  in  Table  II  and  Figure  7 . 

The  average  difference  from  the  aircraft  photography  is  +,  6.9%  for  all  throe  years.  The 
largest  errors  occur  in  the  July  1974  image;  six  of  the  eight  mines  are  underestimated  by  an 
average  of  12%.  Comparison  of  the  1974  classification  with  the  197  3 and  1972  classifications 
and  with  available  air  photos  suggests  that  most  of  this  change  is  due  to  natural  revegetation 
around  the  edges  of  inactive  mines.  The  two  Phoenix  Hill  mines  (Figure  2)  ceased  operations 
before  the  passage  of  the  Maryland  Strip  Mining  Bill  in  1967,  They  are  void  of  topsoil,  and 
natural  revegetation  is  progressing  slowly.  This  natural  recovery  is  seen  in  the  continued 
decrease  of  the  1972  through  1974  satellite  area  measurements.  The  two  Aaron  Run  minuu  are 
also  revegetating.  These  mines  were  forfeited  to  the  State  unreclaimed  prior  to  1972.  The 
State  has  backfilled  and  planted  these  areas,  but  the  LANDSAT  data  indicates  that  reclama- 
tion has  not  been  as  successful  as  in  other  parts  of  the  test  site. 
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State  records  Indicate  137  acres  of  coal  were  exposed  and  157,000  tons  of  coal  removed 
from  the  Mill  Run-A  mine  (Figure  2)  during  the  period  monitored  by  the  LANDSAT  images . 

Aerial  j^otography  taken  in  October  1973  shows  that  the  total  affected  area  was  217.9  acres, 
14,5  acres  of  which  was  partially  reclaimed.  The  Sept,  73  LANDSAT  classification  identified 
198.3  acres  of  unreclaimed  area  affected  by  surface  mining,  a 2.6%  difference  from  the  aerial 
interfxretatlon . More  reclamation  had  occurred  by  the  time  of  the  1974  LANDSAT  image  which 
shows  191.7  acres  in  Mill  Run**A.  The  1972  LANDSAT  image  shows  the  full  extent  of  the  mine 
(222.1  acres)  before  reclamation. 

Mill  Run-B  was  opened  in  1973.  Rrior  to  that  the  satellite  data  identified  several  pixels 
in  the  1972  image  in  areas  where  roads  had  been  cleared  in  preparation  for  strip  mining.  The 
1973  aircraft  and  LANDSAT  images  indicate  approximately  65  acres  of  land  had  been  affected 
by  stripping  operations.  The  mine  was  backfilled  and  seeded  during  the  next  year,  reducing 
the  1974  acreage  to  53  acres. 

The  mines  on  Franklin  Hill  (Figure  2)  were  operative  throughout  the  period  covered  by  this 
investigation.  High  altitude  photography  of  the  region  in  1972  and  1974  shows  that  these 
mines  did  not  alter  significantly  in  surface  area  over  that  period,  even  though  100  thousand 
tons  of  coal  were  extracted  from  these  mines  in  1973  alone-  The  Franklin  Hill  mines  were 
opened  before  1972  and  the  same  areas  have  been  restripped  several  times.  The  increased 
area  identified  in  the  1974  LANDSAT  image  is  due  to  new  spoil  piles  and  enlarged  haul  roads. 

Figuie  8 shows  the  band-ratio  classifications  applied  to  the  same  study  area  as  Figure  6. 
The  results  demonstrate  the  geograj^ic  extendibillty  of  the  ratio  signature.  False-alarms  are 
similar  to  those  resulting  from  the  4-channel  classification.  Misclassificatlons  of  this  sort 
are  not  generally  serious  since  the  locations  of  most  of  the  mines  are  well  known. 

CONCLUSIONS 

This  study  has  demonstrated  the  feasibility  of  strip  mine  monitoring  with  LANDSAT  multi- 
spectral  data  to  within  2 hectares  (5  acres).  The  average  accuracy  of  classification  is  greater 
than  93%  for  LANDSAT  images  from  three  dates.  Using  band-ratlolng  techniques  it  is  possible 
to  extend  signatures  over  a large  geograpiiic  area  and  temporally  to  other  LANDSAT  images. 

The  fMTOcedures  developed  in  this  study  could  be  incorporated  into  a comprehensive  monitor- 
ing program  to  provide,  in  a rapid  and  inexpensive  manner,  accurate  information  on  the  location, 
size,  and  condition  of  areas  affected  by  surface  mining.  Multispectral  analysis  of  satellite 
H'nital  data  would  be  useful  in  validating  operators*  reports  on  the  size  and  status  of  mining 
operations,  locating  abandoned  and  unrevegetated  mines,  and  assessing  reclamation  costs 
and  requirements. 
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TABLE  II.-  SURFACE  AREA  MEASUREMENTS  FROM  LANDSAT  MSS  CLASSIFICATION 

AND  LEAST  SQUARES  REGRESSION 


Aircraft 

LANDSAT  Imagery 

Strip  Mine 

Photography 

10/16/73 

6 Sept. 

72 

1 Sept 

. 73 

22  July  74 

resid. 

ha 

resid. 

ha 

resid . 
ha 

t.h 

acres 

Dixels 

ha 

acres 

Dixels 

ha 

acres 

Dixels 

ha 

acres 

Mill  Run-A^ 

88.2 

82.4 

217.9 

203.4 

204 

89.9 

222.1 

1.7 

182 

80.3 

198.2 

-2.1 

176 

77.6 

191.7 

-4.8 

Mill  Run-B 

22.8 

56.4 

6 

(b) 

59 

26.2 

64.7 

3.4 

48 

21.4 

52.9 

-1.4 

Aaron  Run-A 

12.7 

31.4 

34 

15.2 

37.5 

2.5 

30 

13.5 

33.3 

0.8 

23 

10.4 

25.7 

-2.3 

Aaron  Run-B 

18.8 

46.4 

42 

18.7 

46.2 

-0.1 

45 

20.1 

49.6 

39 

17.5 

43.2 

-1.3 

Phoenix  Hill-A 

45.0 

111.1 

98 

43.4 

107.2 

-1.6 

95 

42.0 

103.7 

B| 

82 

36.3 

89.7 

-8.7 

Phoenix  Hill-B 

51.3 

126.7 

116 

51.2 

126.5 

-0.1 

115 

50.9 

125.7 

107 

47.4 

117.1 

Franklin  Hill-A 

98.7 

243.8 

224 

98.8 

244.0 

0.1 

230 

101.4 

250.4 

2.7 

239 

105.4 

260.3 

Franklin  Hill-B 

42.7 

105.5 

91 

40.3 

99.5 

-2.4 

90 

39.9 

98.5 

-2.8 

99 

43.7 

107.9 

1.0 

^The  acreage  of  Mill  Run-A  was  reduced  for  '73  and  '74  to  exclude  revegetated  areas 
identifiable  on  the  air  photos. 

^Mill  Run-B  was  not  opened  until  1973. 


Figure  3.  Computer  output  from  video  monitor  showing  test 
site  from  1 September  19:?3  scene  (1405-15242). 
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Aircraft  Measurements:  Hectares 


Figure  4.-  Linear  Regression  Analysis  of  MSS  5/6  Strip  Mine  Classification 
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Figure  5,  Interactive  computer  systeni  output  showing  4-band  classification  of  test  site. 


Figure  6,  Four-band  classification  of  strip  rdnos  and  partially' 
revegetated  mines  in  entire  5tu0y  region . 


(c)  22  July  1974 

Figure  7.  Strip  mines  identified  on  three  LANDSAT  Images  frolii  same 
spectral  signature  in  band  ratio. 
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figure  8,  Band-ratio  classification  of  strlppines  for  the  study  region, 
i September  1973. 
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QUANTITATIVE  WATER  QUALITY  WITH  LANDSAT  AND  SKYLAB* 
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By  Harold  L.  Yarger  and  James  R.  McCauley,  University  of  Kansas, 

Lawrence,  Kansas 

ABSTRACT  N76-1749« 

LANDSAT  Multispectral  Scanner  (MSS)  reflectance  levels  are  useful  for 
quantitive  measurement  of  suspended  solids  up  to  at  least  900  ppm.  MSS 
band  ratios  derived  from  computer  compatible  tape  (CCT)  can  measure  sus- 
pended solids  with  67%  confidence  level  accuracy  of  12  ppm  over  the  range 
0-80  ppm  and  35  ppm  over  the  range  0-900  ppm.  Suspended  solids  contour 
maps  can  be  easily  constructed  from  CCT's  for  water  bodies  larger  than 
approximately  100  acres.  Ratioing  suppresses  MSS  reflectance  level  depen- 
dence on  seasonal  sun  angle  variation  and  permits  measurement  of  suspended 
load  the  year  round  in  the  middle  latitudes.  These  LANDSAT  results  are 
based  on  correlation  studies  between  MSS  CCT's  and  170  water  samples  taken 
from  three  large  Kansas  reservoirs  coincident  with  16  different  LANDSAT 
passes  over  a period  of  13  months.  SKYLAB  imagery,  S190A  and  S192,  from  a 
single  pass  over  three  reservoirs  compares  favorably  to  LANDSAT  results  up 
to  100  ppm.  No  scunples  were  obtained  with  suspended  solids  greater  than 
100  ppm  during  the  SKYLAB  overpass.  Typical  mid-continent  values  for 
variables  such  as  sun  angle,  wind  speed  and  temperature  do  not  signifi- 
cantly affect  the  correlation  between  satellite  band  ratios  and  suspended 
solids.  The  relatively  high  inorganic  suspended  solids,  characteristic  of 
mid-continent  reservoirs,  dominates  the  reflected  energy  present  in  the 
satellite  spectral  bands.  Dissolved  solids  concentrations  up  to  500  ppm 
and  algal  nutrients  up  to  20  ppm  are  not  detectable.  The  RED/GREEN  ratio 
may  have  a weak  negative  correlation  with  total  chlorophyll  above  '\-8vig/l. 


INTRODUCTION 

In  the  North  American  Great  Plains,  where  natural  permanent  lakes  are 
a rarity,  the  dominant  limnological  feature  today  takes  the  form  of  man- 
made reservoirs.  The  major  reservoirs  in  Kansas,  as  well  as  in  other  Great 
Plains  states,  are  playing  increasingly  important  roles  in  flood  control, 
recreation,  agricultural  and  urban  water  supply  and  wildlife  management. 

The  primary  influence  on  the  reservoir  ecosystem  is  the  suspended  load  and 
chemicals  carried  in  by  streams  and  rivers.  The  reservoirs  are  typically 
shallow  and  thus  are  susceptible  to  mixing  by  strong  winds  which  are  a 
characteristic  climatic  feature  of  this  region.  Wind  generated  currents 
are  of  sufficiently  high  velocity  to  maintain  a sizable  fraction  of  the 
silts  and  clays  in  suspension  and  the  result  is  turbid  water  (mean  light 
extinction  coefficient  = 2.45  meter"^) . A method  for  acquiring  timely  low 
cost  water  quality  data  is  needed  to  achieve  optimum  management  of  these 
fresh  water  resources. 

A number  of  state  and  federal  agencies  ' i Kansas  have  expressed  the 
need  for  repetitive  water  quality  data  such  as  suspended  solids,  dissolved 
solids,  chlorophyll,  and  the  algal  nutrients.  Some  specific  problems  this 
data  would  apply  to  are  discussed  in  the  next  several  paragraphs. 

The  Forestry,  Fish  and  Game  Commission  (FFGC)  estimates  that  at  least 
$18  million  is  spent  annually  by  sport  fisherman  in  Kansas.  To  help  insure 
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continued  growth  and  good  health  for  the  sport  fishing  industry,  the  FFGC 
is  interested  in  determining  the  effect  of  water  environment  on  fish  spawn- 
ing and  subsequent  fish  population.  It  is  felt  that  the  level  of  suspended 
solids  significantly  affects  spawning  and  subsequent  fish  population.  A 
knowledge  of  suspended  load  distribution  in  the  lake  would  allow  better 
fish  management.  Suspended  load  maps  over  a period  of  time  would  help  to 
identify  the  best  spawning  areas  within  a reservoir  and  also  would  identify 
source  points  of  undesirable  high  suspended  load. 

The  Kansas  State  Health  Department  (KSHD)  is  concerned  about  the  un- 
predictable occurrences  of  feedlot  waste  coming  in  contact  with  some  of 
the  city  lakes  used  for  drinking  water.  Feedlot  waste  usually  contributes 
to  the  suspended  load  which  is  detectable  by  satellite.  The  KSHD  is  also 
concerned  with  chlorophyll  and  dissolved  solids  in  the  city  lakes.  The 
federal  guideline  of  500  PPM  maximum  allowable  dissolved  solids  is  often 
exceeded  in  the  state  of  Kansas. 

Temporal  data  on  sediment  load  and  source  point  location  would  allow 
better  estimates  of  reservoir  lifetime.  Unusually  high  increases  in  sedi- 
ment load/algal  nutrients  might  permit  timely  identification  of  poor  culti- 
vation/fertilization practices  upstream. 

The  goal  of  this  study  is  to  test  the  feasibility  of  using  satellite 
imagery  to  monitor  suspended  load  and  chemical  concentrations  in  Kansas 
reservoirs,  which  should  be  representative  of  most  Great  Plains  reservoirs. 
This  paper  summarizes  the  contents  of  LANDSAT  and  SKYLAB  contract  final 
reports  recently  submitted  to  NASA  (ref.  1,2).  As  work  progressed  on  this 
project,  a number  of  papers  were  presented  at  various  symposia  and  sub- 
sequently published  in  proceedings  (ref.  3-7) . Figure  1 shows  the  distri- 
bution of  the  nineteen  federal  reservoirs  in  Kansas  and  the  satellite 
ground  traces  used  in  this  study.  These  reservoirs  were  built  by  the  U.S. 
Army  Corps  of  Engineers  and  the  U.S.  Bureau  of  Reclamation  within  the  last 
35  years.  At  normal  pool  elevation  these  water  bodies  have  large  surface 
areas  relative  to  LANDSAT/SKYLAB  resolution.  The  surface  areas  vary  from 
about  3 square  miles  at  Lovewell  to  about  25  square  miles  at  Tuttle  Creek. 
The  shortest  dimension  of  the  main  part  of  any  of  the  reservoirs  is  approxi- 
mately 1/2  mile.  The  largest  dimension  is  about  20  miles.  Depths  vary 
from  40  to  50  feet  at  the  dam  to  I to  2 feet  at  the  upper  end.  Normal  pool 
capacities  vary  from  10,000  to  500,000  acre-feet  of  water.  In  addition  to 
the  19  major  reservoirs  there  are  approximately  100  smaller  lakes  in  the 
state  of  Kansas  with  surface  area  greater  than  20  acres  as  well  as  numerous 
stock  ponds  and  ephemeral  lakes  which  are  detectable  on  LANDSAT  and  SKYLAB 
imagery. 

The  nineteen  major  reservoirs  of  Kansas  arc  well  distributed  through- 
out the  state  occurring  in  a number  of  physiographic  and  land  use  regions 
that  adequately  represent  much  of  the  Great  Plains  environment.  Lakes  in 
extror'.o  oast'^rn  'Cannas  1 i«>  within  the  humid  portion  of  the  state  that  is 
dominated  by  corn  belt  type  agriculture.  Lakes  in  central  Kansas  located 
within  the  Flint  Hills  and  .Smoky  Hills  escarpments  collect  drainage  from 
important  livestock  grazing  regions.  Those  reservoirs  farther  west  in  the 
semi-arid  High  Plains  are  in  an  important  wheat  and  cattle  producing  area. 
Most  of  these  lakes  are  operated  by  the  Bureau  of  I^eclamation  and  some  are 
used  for  irrigation.  Lakes  in  eastern  Kansas  are  operated  by  the  Corps  of 
Engineers . 

Two  reservoirs.  Perry  and  Tuttle  Crook,  were  singled  out  for  close 
study.  Approximately  ten  water  samples  from  each  reserv'oir  were  collected 
during  each  cloud-free  LANDSAI’  overpass  for  a 13  month  period  and  analyzed 
for  concentrations  of  inorganic  suspended  and  dissolved  solids,  organic 


suspended  and  dissolved  solids,  chlorophyll,  potassium,  phosphate,  and 
nitrate  ions.  In  addition,  secchi  disc  and  temperature  measurements  were 
taken  at  each  sampling  station.  Wind  velocity  and  lake  level  were  also 
recorded.  These  two  reservoirs  are  distinct  in  terms  of  the  geology  and 
land-use  of  their  watersheds.  Perry  lies  in  the  Corn  Belt  of  Eastern 
Kansas  in  an  area  that  was  glaciated  during  the  Kansas  stage  of  Pleistocene 
glaciation.  Tuttle  Creek  lies  farther  west  in  the  northern  portion  of  the 
Flint  Hills  and  has  a watershed  underlain  by  Permian  and  Cretaceous  rocks 
where  livestock  grazing  and  small  grains  production  are  important.  Occa- 
sionally samples  were  collected  from  Milford  Reservoir  which  lies  20  miles 
southwest  of  Tuttle  Creek. 

In  addition  to  the  relatively  large  amount  of  LANDSAT  data,  SKYLAB 
data  from  one  pass  (SL-3  September  18,  1973)  was  studied  for  correlation 
with  water  quality  in  three  reservoirs  in  southeastern  Kansas  {see  Figure  1 
for  location  and  size  of  reservoirs) . S190A  and  B imagery  was  obtained  for 

Toronto,  Fall  River  and  Elk  City  reservoirs.  S192  CCT's  were  obtained  for 
Elk  City  reservoir  (the  narrower  S192  field  of  view  missed  the  other  two 
reservoirs) . Water  samples  were  collected  from  ten  stations  on  each  reser- 
voir the  same  day  as  the  SL-3  overpass. 


LANDSAT  DATA  ACQUISITION  AND  REDUCTION 

Ground  truth  and  imagery  were  accumulated  during  the  first  23  LANDSAT 
cycles  over  the  state  of  Kansas.  Of  the  46  combined  cycles  over  Perry  and 
Tuttle  Creek  Reservoirs,  25  were  cloud-free.  Water  samples  (grab  samples 
from  first  30  cm.  of  water)  were  collected  for  18  of  the  25  cloud-free 
reservoir  cycles.  Conditions  such  as  ice  cover,  high  wind  and  mechanical 
failure  prevented  sample  collection  for  the  remaining  7 cloud-free  cycles. 

Four  bands  of  MSS  imagery  in  the  form  of  9-inch  black-and-white  posi- 
tive transparencies  were  acquired  for  15  of  the  18  cloud-free  cycles  with 
ground  truth.  MSS  computer  compatible  tapes  (CCT's)  were  acquired  for  16 
of  the  18  cloud-free  cycles  with  ground  truth. 

The  suspended  and  dissolved  solids  were  determined  using  normal  evap- 
oration plus  gravimetric  procedures.  Dissolved  solids  are  defined  as 
material  surviving  a 0.45  micron  filter.  The  inorganic  fraction  of  sus- 
pended and  dissolved  solids  is  defined  as  material  that  survived  ] ■ jur  at 
600®C.  Chlorophyll  a,  b and  c concentrations  were  determined  by  af  tonic 
extraction  (ref.  8)  and  subsequent  spectrophotometric  measurement  (ref.  9). 
Nitrate,  phosphate  and  potassium  concentrations  were  determined  spectro- 
photometrically  (ref.  10)  on  a Beckman  DU  Spectrophotometer. 

Digital  levels  for  each  water  sample  were  extracted  from  the  CCT  by 
locating  the  sample  station  coordinates  on  a CCT  generated  computer  print- 
out gray  level  map,  then  averaging  9 pixels  centered  around  the  coordinate 
which  corresponds  to  a 240  x 240  meter  square  area  on  the  water  surface. 

The  water  quality  data  along  with  secchi  -^enth,  t^mp'^r  \ rare , la*'.e 
level,  wind  speed  and  CCT  digital  levels  were  entered  onto  a disc  file 
accessible  by  a time-sharing  terminal.  This  data  was  used  to  search  for 
quantitative  correlation  between  MSS  imagery  and  water  quality  parameters. 
The  9"  positive  transparencies  for  each  MSS  band  were  electronically  sliced 
and  displayed  on  our  IDECS  (Image  Discriminat  io  ■>. , Enhancement,  and  Combina- 
tion System)  system.  The  color  coded  displays  wore  recorded  on  35  mm  film 
for  permanent  storage  and  further  analysis.  The  level  slicing  was  done  on 
the  basis  of  equal  vidicon  output  voltage  intervals  which  is  equivalent  to 
equal  log  density  intervals.  The  maximum  number  of  levels/  iruge  was 
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determined  by  the  dynamic  range  of  the  particular  band  over  the  reservoir 
surface  and  varied  from  2 to  8 levels.  The  equal  gray  levels  selected  by 
IDECS  correspond  to  nearly  equal  reflected  energy  intervals  as  defined  on 
the  NASA  15  step  gray  tablet.  Maximum  density  variation  (''-0.6  to  1.7)  is 
usually  found  on  the  red  band  (NSS5)  and  corresponds  to  a power  return 
range  of  0 to  23%.  The  IDECS  data  was  used  as  a qualitative  guide  in  the 
study  of  quantitative  correlation  between  water  quality  parameters  and  MSS 
CCl’'s. 


SUN  ANGLE  EFFECTS 

The  multispectral  scanner  (MSS)  in  LANDSAT  records  light  reflected 
from  a scene  illuminated  by  an  admixture  of  sunlight  and  skylight  (Figure 
2) . On  relatively  clear  days  the  spectral  shape  of  the  illumination  re- 
mains fairly  constant  throughout  the  year.  However,  the  intensity,  angle 
of  incidence,  and  path  length  through  the  atmosphere  depend  on  sun  angle 
(angle  above  horizon) . The  reflectance  levels  from  the  concrete  dam  at 
Tuttle  Creek  Reservoir,  a target  with  constant  spectral  reflectance,  demon- 
strate a strong  sun  angle  dependence  in  all  MSS  bands  (Figure  3) . As  has 
been  suggested  by  Vincent  (ref.  11) , the  sun  angle  dependence  is  suppressed 
by  plotting  band  ratios  instead  of  absolute  levels  (Figure  4).  The  three 
other  possible  ratios,  not  plotted  in  Figure  4,  also  show  a flat  response 
to  change  in  sun  angle.  Ratioing  essentially  removes  the  effect  of  unequal 
illuminating  intensities  caused  by  the  continuously  changing  sun  angle  from 
one  LANDSAT  pass  to  the  next.  Since  the  ratio  curves  for  the  dam  are  flat, 
the  angle  of  incidence  and  atmospheric  scattering  of  reflected  light  are 
not  important  factors,  at  least  for  a concrete  target. 

Water  reflectance  levels  do  not  exhibit  as  strong  a dependence  on  sun 
angle,  but  there  is  a significant  measureable  effect  (see  Figure  5 for  band 
5 excunple) . As  for  concrete,  the  absolute,  reflectance  levels  for  water 
decrease  with  lower  sun  angle.  After  ratioing  (Figure  6)  the  three  passes 
appear  to  be  statistically  similar.  Dark  object  subtraction  on  each  band 
before  ratioing,  as  suggested  by  Vincent  (ref.  11) , does  not  significantly 
change  the  ratio  curves  in  Figure  6.  Dark  object  subtraction,  which  is  the 
absolute  level  detected  by  LANDSAT  minus  level  of  darkest  object  in  scene, 
should  suppress  atmospheric  scattering  effects  present  in  the  ratios. 

These  results  suggest  that  the  point  scatter  present  in  Fi 7ure  6 is 
not  due  to  atmospheric  scattering.  For  the  remaining  discussion  it  is 
assumed  that,  after  ratioing,  sun  angle  dependence  and  atmospheric  scatter- 
ing are  relatively  unimportant. 


SUSPENDED  SOLnS 

In  general,  bands  4,  5 und  6 (green,  red,  and  near  IR)  exhibit  sub- 
stantial gray  level  variation  across  a reservoir  surface.  This  gray  level 
variation  which  is  related  to  reflected  energy  detected  by  LANDSAT  is 
highly  correlated  to  the  suspe.nded  sediment  pattern  in  the  reservoir. 

Bottom  reflection  is  not  a factor,  because  the  reservoir  bottom  was  not 
visible  ac  any  sample  station.  The  subsequent  discussion  relates  CCT  digi- 
tal levels  (which  are  linuarly  proportional  to  reflected  energy)  to  sus- 
pended load. 

Band  4 shows  no  correlaticn  beyond  50  ppm  and  is  useful  only  for 
relatively  clear  water.  this  band  (green)  penetrates  the  water  column  more 
than  the  other  bands  (Figure  2) , but  as  a onsecacnce  encounters  a large 
a:  junt  of  scattering  material  which  prodices  saturation  or  maximum  scatter- 
ing at  suspended  oolidj  levels  pnm)  tut  its  response  to  susoendod  load 
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is  quita  similar  to  band  4.  Band  6 exhibits  good  correlation  over  the 
entire  range  0 to  240  ppm.  The  band  7 reflection  levels  are  very  low,  but 
still  show  some  correlation  with  increasing  suspended  load. 

As  expected  from  the  analysis  in  the  previous  section,  band  5 ratioed 
with  band  4 (Figure  7)  improves  suspended  load  correlation  and  is  roughly 
linear  in  the  range  of  0 to  80  p(xn  with  RMS  residual  of  12  ppm.  All  re- 
gression fits  displayed  in  subsequent  figures  were  done  with  horizontal 
axis  as  the  dependent  variable  and  vertical  axis  as  the  independent  vari- 
able. The  band  6 correlation  is  also  improved  by  ratioing  with  band  4 
(Figure  8) . The  MSS6/MSS4  ratio  is  linearly  related  to  suspended  solids  in 
the  region  _<  100  ppm  with  an  RMS  residual  of  19  pjxo.  The  band  7 correla- 
tion, after  ratioing  with  band  4,  in  not  significantly  improved. 

Although  the  bulk  of  the  suspended  solids  measurements  were  ^240  ppm, 
there  were  a few  (samples  collected  upstream  in  the  reservoir  after  a 
recent  rain)  that  extended  as  high  as  900  ppm.  The  MSS5/MSS3  ratio  rises 
sharply  to  'V'  80  ppm  then  turns  over  and  remains  flat  up  to  9C ' ppm  which  is 
the  limit  of  this  investigation.  The  MSS6/MSS4  ratio  (Figure  9)  rises 
sharply  to  120  ppm  then  turns  over,  but  continues  to  correlate  well  with 
suspended  solids  up  to  900  ppm.  It  appears  that  this  correlation  would 
continue  well  beyond  900  pp»n.  A smooth  polynominal  fit  over  the  range  0- 
900  ppm  yields  an  RMS  residual  of  35  ppm.  Band  7/Band  4 (Figure  10)  also 
shows  correlation  up  to  900  ppm  with  an  RMS  residual  of  44  ppm.  The  same 
third  order  fit  to  band  7 (not  ratioed  with  another  band)  yielded  an  RMS 
residual  of  46  ppm.  Since  band  7 is  nowhere  near  maximum  reflection  at  900 
ppm  it  is  expected  this  band  would  continue  to  correlate  up  to  extremely 
high  suspended  loads. 

Table  I summarizes  the  correlations  between  the  three  MSS  ratios  and 
suspended  solids.  The  regression  coefficients  can  be  used  to  predict  sus- 
pended load  from  CCT  digital  levels.  MSS5/MSS4  is  effective  in  the  range 
0-80  ppm  with  accuracy  of  12  ppm.  MSS6/MSS4  is  effective  in  the  range  0- 
120  or  0-900  ppm  with  accuracies  of  19  and  35  ppm  respectively.  MSS7/  MSS4 
is  useful  over  the  range  0-900  ppm  with  44  ppm  accuracy.  It  appears  that 
the  regression  coefficients  for  MSS6/MSS4  and  MSS7/MSS4  fits  would  be 
applicable  substantially  beyond  900  ppm,  although  this  is  not  confirmed 
experimentally. 

Figure  11  is  an  example  of  a suspended  solids  contour  maps  which  was 
produced,  in  an  earlier  stage  of  this  study,  using  regression  coefficients 
that  related  band  5 to  suspended  solids.  The  coefficients  were  derived 
from  four  nearly  equal  high  sun  angle  cycles  which  yielded  an  RMS  residual 
of  5 ppm.  In  this  particular  case,  ratioing  was  not  required,  since  the 
correlation  was  based  on  n arly  equal  sun  angle  cycles. 


SECCHI  DEPTH 

Analysis  in  the  previous  section  establishes  that  suspended  solids  in 
water  are  strongly  -'orrelated  with  reflected  energy  present  in  the  four  MSS 
bands.  Secchi  depth  (or  wat°r  clarity)  is  inversely  correlated  with  sus- 
pended solids  measurements  15  ppm  v.’hich  rep’"esents  the  bulk  of  the  data 
in  this  study.  Linear  regression  of  suspended  solids  against  inverse 
secchi  depth  yields  an  RMS  residual  of  18  ppm,  that  a secchi  depth 
measurement  can  be  t’sed  to  determine  suspended  load  to  this  level  of 
accuracy. 

The  MSS5/MSSO  ratio  i ^c»rly  correlateo  with  secchi  depth  ^ 0.6 

meters  (Figure  12),  with  RMt>  ijsidual  of  0.11  meters,  which  is  merely  a 
reflection  of  the  fact  that  secchi  depth  is  correlated  with  suspended 
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solids  > 15  ppm.  Beyond  0.6  meters  15  ppm),  where  this  ratio  is  not 
well  correlated  with  suspended  solids,  the  ratio  correlation  with  secchi 
depth  is  much  weaker,  but  still  appears  to  decline  slightly  for  increasing 
depths.  MSS  correlation  with  sunlight  penetration  depth  in  relatively 
clear  ocean  water  has  been  found  by  other  workers  (ref.  12)  and  used  to  map 
ocean  bottom  to  depths  of  10  meters. 

MSS6/MSS4  correlates  with  secchi  depth  down  to  0.4  meters  with  RMS 
residual  0.06  meters  (Figure  13).  The  correlation  at  shallow  depth  ^0.2 
meters  is  improved  over  the  MSS5/MSS4  correlation.  This  is  expected  since 
this  secchi  depth  range  corresponds  to  suspended  solids  ^ 80  ppm  where 
MSS5/MSS4  is  poorly  correlated.  MSS7/MSS4  correlates  with  secchi  depth  up 
to  0.3  meters  with  RMS  residual  of  0.05  meters  (not  shown). 

In  summary,  secchi  depth  correlates  well  with  MSS  ratios  in  relatively 
turbid  water  (suspended  solids  ^ 15  ppm) , but  is  primarily  a reflection  of 
the  fact  that  secchi  depth  is  correlated  with  suspended  solids.  Neverthe- 
less. MSS  ratios  are  useful  for  direct  prediction  of  water  clarity  (secchi 
depth).  Table  II  summarizes  the  results  of  the  regression  analysis. 


WIND  AND  TEMPERATURE  EFFECTS 

An  average  wind  velocity  for  each  LANDSAT  reservoir  cycle  was  recorded 
along  with  a temperature  measurement  t each  sample  station.  The  three  MSS 
ratios  show  no  systematic  correlation  with  wind  speed  (see  Figure  14  for 
MSS5/MSS4  example)  up  to  21  miles/hour.  As  expected  from  previous  labora- 
tory work  on  distilled  water  (ref.  13) . the  MSS  ratios  exhibit  no  correla- 
tion with  Wc-ter  temperature  (Figure  15) . 


ORGANIC  AND  DISSOLVED  SOLIDS 

The  character  of  the  sediment  carried  into  Tuttle  Creek  and  Perry 
reservoirs  can  be  summarized  as  follows.  The  lower  part  of  the  Blue  River 
basin,  which  drains  into  Tuttle  Creek,  consists  mainly  of  residual  and 
alluvial  soils  derived  from  shales  and  limestones.  The  upper  portion  has 
loessial  soils  underlain  by  glacial  tills  and  alluvial  sands.  The  average 
particle  size  of  the  bottom  sediment  is  2 microns  (ref.  14).  The  suspended 
sediment  consists  mostly  of  the  three  clays  vermiculi te,  illite  and  kao- 
linite.  Perry  reservoir  drains  a basin  consisting  mostly  of  loessial  soils 
underlain  by  glacial  tills.  Perry  is  generally  not  as  turbid  as  Tuttle 
Creek,  but  its  suspended  sediment  is  very  similar  in  mineralogy  and  degree 
of  aggregation. 

The  following  characterizes  the  composite  sample  set  collected  over  a 
13  month  period  froi.  three  reservoirs.  The  bulk  of  the  samples  contain 
total  solids  in  the  range  200  to  500  ppm.  The  suspended  sediment  fraction 
of  the  total  solids  ranges  from  2 to  50%.  The  organic  fraction  of  the  sus- 
pended sediment  is  almost  constant  at  14%  and  is  thus  highly  correlrted 
with  total  suspended  solids.  Consequently,  the  MSS  ratio  correlation  with 
organic  suspended  load  (not  shown)  is  merely  a reflection  of  the  MSS  ratio 
dependence  on  total  suspended  load. 

The  dissolved  solids  fraction  of  total  solids  ranges  from  50  to  98% 
which  is,  of  course,  the  compliment  of  the  suspended  solids  fraction.  The 
organic  fractions  of  dissolved  solids  range  from  10  to  50%.  The  dissolved 
solids  appear  to  be  uncorrelated  with  suspended  solids  so  that  this  experi- 
ment should  be  able  to  detect  any  appreciable  influence  dissolved  solids 
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have  on  reflected  energy  levels  in  the  MSS  bands.  However,  NSS5/MSS4  does 
not  show  any  obvious  correlation  with  dissolved  solids.  The  MSS6/MSS4 
ratio  also  does  not  reveal  any  correlation  with  dissolved  solids. 

In  summary,  dissolved  solids  up  to  500  p{»n,  whose  mineralogic  charac- 
teristics were  discussed  in  the  first  part  of  this  section,  do  not  in- 
fluence energy  levels  present  in  the  four  MSS  bands. 


CHLOROPHYLL  AND  ALGAL  NUTRIENTS 

Based  on  the  anlysis  presented  earlier,  it  is  obvious  that  MSS  corre- 
lation with  water  quality  parameters  such  as  chlorophyll  and  the  algal 
nutrients  will  be  slight,  if  detectable  at  all. 

The  absorption  peaks  of  chlorophyll  a,  b and  c,  which  are  665mu, 

645my  and  630my  respectively,  fall  inside  MSS  band  5 (see  Figure  2) . The 
presence  of  chlorophyll,  therefore,  would  cause  an  energy  decrease  in  band 
5.  The  characteristic  green  color  of  chlorophyll  would  cause  an  increase 
in  band  4 energy  which  means  the  MSS5/MSS4  should  be  negatively  correlated 
with  chlorophyll. 

Total  chlorophyll  appears  to  be  largely  uncorrelated  with  suspended 
sediment  (plot  now  shown) , so  any  appreciable  effect  concentrations  up  to 
20yg/l  have  on  MSS  ratios  should  be  detectable.  The  MSS5/MSS4  shows  no 
obvious  correlation  with  the  composite  13  month  saimple  collection.  The 
subset  of  samples,  whose  suspended  load  (>80  ppm)  causes  no  variation  in 
the  MSS5/MSS4  ratio,  also  does  not  show  any  significant  negative  correla- 
tion with  chlorophyll. 

The  residual  MSS5/MSS4  ratio,  obtained  by  removing  the  linear  ratio 
dependence  on  suspended  solids  for  samples  with  <80  ppm  suspended  load,  is 
shown  in  Figure  16.  As  can  be  seen,  a slight  negative  correlation  with 
total  chlorophyll  may  be  setting  in  for  chlorophyll  concentrations  '^^8ug/l. 
Chlorophyll  a,  b and  c were  studied  individually  with  results  consistent 
with  those  for  total  chlorophyll.  In  each  case,  the  3 to  6 samples  with 
highest  concentration  appeared  to  have  a slight  negative  correlation  with 
MSS5/MSS4. 

In  summary,  typical  chlorophyll  levels  in  Kansas  reservoirs  of  0 to 
8yg/l  are  net  detectable  by  LANDSAT.  There  does  seem  to  be  a slight  nega- 
tive correlation  with  MSS5/MSS4  beyond  8)jg/l  but  there  are  not  enough 
samples  to  determine  a reliable  quantitative  correlation.  Other  workers 
(ref.  15)  have  found  that  LANDSAT  is  able  to  detect  chlorophyll  at  'v-lOug/l 
concentration  in  relatively  clear  seawater.  In  our  case,  the  noise  from 
the  relatively  high  turbidity  is  probably  masking  the  chlorophyll  signal 
from  Kansas  reservoirs. 

Concentrations  of  potassium,  phosphate  and  nitrate  were  studied  for 
possible  influence  on  reflected  energy  levels  present  in  the  four  MSS 
bands.  The  results  were  negative  except  for  some  MSS  ratio  correlati-^n 
with  phosphate.  This  is  due,  however,  to  the  fact  that  phosphate  is  some- 
what correlated  with  suspended  solids.  In  suitunary,  the  algal  nutrients 
potassium,  phosphate  and  nitrate  at  concentration  levels  up  to  20,  2 and  1C 
ppm  respectively  are  not  correlated  with  LANDSAT  imagery. 


CCT'S  VS.  POSITIVE  TRANSPAP'r'.riES 

Densitometer  measurements  were  made  or  reservoir  images  and  the  accom- 
panying gray-step  scale  at  the  bottom  of  each  image,  the  gray  steps  are 
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linearly  related  to  CCT  levels  so  that  density  measurements  can  be  directly 
converted  to  an  equivalent  CCT  levels.  An  example  is  shown  in  Figure  17. 
CCT  and  density  values  compare  quite  favorably  thus  indicating  that  density 
iieasurements  should  produce  quantitative  results  comparable  to  those  ob- 
tained using  CCT's. 

In  Figure  18  IDECS  levels  are  compared  with  digital  tape  levels  for  a 
cycle  o”er  Perry  Reservoir.  IDECS  levels  were  normalized  to  the  CCT  levels 
by  matching  the  lowest  and  highest  IDECS  levels  to  the  lowest  and  highest 
CCT  levels  repsectively.  As  seen  in  Figure  18  the  two  methods  of  analysis 
com}}are  favorably.  Other  cycles  produced  equally  favorable  results.  In 
general,  IDECS  levels,  once  normalized  to  CCT  levels  agree  well  with  CCT 
le/els.  Hov.'ever,  IDECS  levels,  which  are  gray  levels  obtained  from  9" 
transpar  is  are  not  useful  in  an  absolute  sense.  IDECS  levels  are 
useful  for  qualitatively  displaying  relative  suspended  load  distribution  in 
a reservoir.  IDECS  levels  are  not  related  to  a standard  scale,  as  are  the 
CCT  levels,  so  are  not  as  useful  quantitatively. 


SKYLAB  IMAGERY 

SKYLAB  imagery  w:’S  obtained  for  one  SL-3  pass  over  southeastern 
Kansas.  This  imagery  consists  of  S190A  and  B film  and  S192  CCT's.  The 
S190A  is  in  the  form  of  70  mm  and  4X  enlarged  positive  transparencies  of 
the  four  bands  green,  red,  IRi  and  IR2  (see  Figure  2 for  band  widths)  and 
covers  the  three  reservoirs  Toronto,  Elk  City  and  Fall  River  (see  Figure 
1) . The  S190B  is  5"  aerial  color  over  the  same  three  reservoirs.  The  S192 
CCT  covers  Elk  City  Reservoir  only. 

The  superior  resolution  of  S190B  provides  an  excellent  qualitative 
"first  look"  at  turbidity  patterns.  This  imagery  will  not,  however,  pro- 
vide quantitative  information  on  suspended  solids.  The  S190A  70  mm  trans- 
parencies were  measured  on  a macrodensitometer  with  a 1 nn  aperturo.  The 
small  size  of  the  reservoirs  on  70  ram  film  permitted  only  one  density 
measurement  per  reservoir.  The  densities  were  converted  to  absolute 
radiance  levels  using  SL-3  sensitometric  data  (ref.  16)  provided  by  NASA. 
The  radiance  levels  are  plotted  against  average  suspended  solids  for  each 
reservoir  (Figure  19).  The  shaded  areas  in  Figure  19  represent  LANDSAT 
radiance  levels  for  about  60  water  seimples  from  7 passes  with  comparable 
sun  angles.  The  agreement  between  S190A  and  LANDSAT  in  the  three  bands 
green,  red  and  IR  is  quite  good. 

Digital  level  maps  from  S192  CCT's  for  Elk  City  reservoir  were  gener- 
ated for  the  three  bands  shown  in  Figure  19.  Nine  pixels  were  averaged  at 
each  measurement  station  and  converted  to  an  absolute  radiance  level  using 
the  calibration  coefficients  on  the  CCT  header  record.  The  radiance  levels 
for  each  staticn  are  shown  as  solid  points  in  Figure  19.  S192  gree  ; repre- 

sents an  average  of  band  3 and  4 (see  Figure  2 for  equivalent  S192  green 
band  width).  The  agreement  between  SKYLAB  S192  and  LANDSAT  MSS  is  poor, 
fair  and  good  respectively  in  the  three  bands  green,  red  and  IR.  The  poor 
agreement  in  the  green  band  may  be  due  to  the  fact  that  the  band  widths  for 
S192  green  and  LANDSAT  green  are  not  an  exact  match. 

SKYLAB  band  ratios  vs.  suspended  solids  are  shown  in  Figure  20.  All 
ratios,  except  perhaps  S192  red/green,  are  consistent  with  linear  fits  to 
LANDSAT  ratios. 

The  S190A  4X  enlargements  permitted  density  measurements  of  individual 
measurement  stations  on  each  reservoir.  We  have  been  unable  to  obtain  the 
sensitometric  data  required  to  relate  density  on  the  enlargements  to  ahso- 
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lute  radiance.  However,  if  the  reservoir  densities  are  i:i  the  linear 
region  of  the  density  vs.  log (exposure)  curve  for  the  film,  then  the  radi- 
ance ratio  can  be  written  as 


Ei 


10 


-Di 


10 


-D3 


where  Ei  and  Ej  are  band  i and  j radiances  from  the  target  and  Di  and  Dj 
are  corresponding  film  densities.  K is  a constant  determined  by  the  slope 
of  the  D vs.  logE  curve  which  relates  the  density  of  our  film  copy  to  the 
original  exposure  on  SKYLAB.  K also  depends  on  filter  and  camera  lense 
attenuation  coefficients,  shutter  speed,  etc.  This  constant  has  not  yet 
been  determined  but  is  arbitrarily  set  = 1 in  Figure  21.  The  absolute  ratio 
values  cannot  be  compared  to  S192  or  LANDSAT  because  of  the  lack  of  sensito- 
metric  calibration  data.  The  red  to  greed  band  ratio  (Figure  21)  exhibits 
a good  linear  correlation  with  suspended  solids  (RMS  residual  of  6 ppm).  Be- 
yond 80  ppm  the  LANDSAT  MSS  red/green  ratio  flattens  out.  We  would  expect 
the  SKYLAB  S190A  red/green  ratio  to  also  flatten  out,  but  the  relatively 
clear  water  sampled  does  not  permit  confirmation  of  this. 

In  summary,  the  small  amount  of  data  available  from  the  S190A  and  S192 
is  in  general  quantitatively  consistent  with  water  reflectance  le'^els 
measured  by  the  LANDSAT  MSS  sensor.  It  appears  that  S190A  is  superior  to 
S192  for  the  purpose  of  predicting  suspended  solids  in  water.  More  data  is 
needed  to  confirm  this  single  pass  result. 


CONCLUSIONS 

LANDSAT  MSS  ratios  derived  from  CCT's  are  very  effective  for  quantita- 
tive detection  of  suspended  solids  up  to  at  least  900  ppm,  which  is  the 
limit  of  this  investigation.  The  actual  upper  limit  on  suspended  solids 
LANDSAT  can  detect  is  probab)y  substantially  higher.  Typical  mid-continent 
values  for  variables  such  as  sun  angle,  wind  speed  and  temperature  do  not 
significantly  affect  MSS  ratios. 

Dissolved  solids  up  to  at  least  500  ppm  are  not  correlated  with  LAND- 
SAT imagery.  The  algal  nutrients  potassium,  phosphate  and  nitrate  at 
concentration  levels  up  to  20,  2 and  10  ppm  respectively  are  not  correlated 
with  LANDSAT  imagery.  The  MSS5/MSS4  ratio  appears  to  be  weakly  correlated 
with  total  chlorophyll  above  concentration  levels  of  '^'8ug/l,  but  more  data 
are  needed  to  confirm  this. 

Density  measurements  from  the  NASA  9"  positive  transparencies  compare 
favorably  with  CCT  levels.  It  would  be  relatively  simple  and  inexpensive 
for  interested  agencies  or  groups  to  obtain  suspended  load  information  by 
using  a macrodensitometer. 

A small  amount  of  data  from  the  SKYLAB  sensors  S190A  and  S192  is  con- 
sistent with  LANDSAT  results,  S190A  appears  to  do  a superior  job  compared 
to  S192  in  measurement  of  suspended  solids.  Both  sensors  are  probably  as 
effective  as  the  LANDSAT  MSS  for  measuring  suspended  solids  in  water. 
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TABlf  1.  RESULTS  OF  FiniNG  SUSPENDED  SOLIDS  MEASUREMENTS  TO  CCT  MSS 

BAND  RATIOS.  EQUATION  USED  IN  FIT  WAS  SS  • aj,  +a,  R„  +a,  R*  + 
8}  R*  WHERE  SS*  SUSPENDED  SOLIDS  (PPM)  AND  R,,  • (BAND,  ‘‘ 
AVERAGE  CCT  LEVEL  FOR  9 PIXELS)/(BANO,  AVERAGE  CCT  LEVEL  FOR  9 

pixasi. 


MSS  BAND 
RATIO 

RANGE  OF 
APPLICABILITY 
IN  PPM 

RMS  RES  (DUAL 
IN  PPM 

8o  X 10*  * 

a,  X 10  * 

■ 

83  X 10'  * 

R54 

O-BO 

12 

-0.793 

1.387 

- 

- 

0-120 

19 

-0.426 

1.768 

- 

- 

0-900 

35 

-6.403 

42.598 

-89. 112 

62.373 

Rw 

0-900 

44 

5.580 

-43.879 

254.654 

table  2.  RESULTS  OF  FiniNG  SECCHI  DEPTH  MEASUREMENTS  TO  CCT  MSS  BAND 
RATIOS.  EQUATION  USED  IN  FIT  WAS  SD  • ao  + a,  R,,  WHERE  SD  = SECCHI 
DEPTH  (METERS)  AND  R„-  (BAND,  AVERAGE  CCT  LEVEL  "OR  9 P IXELS)/ 
(BAND,  AVERAGE  CCT  LEVEL  FOR  9 PIXELS). 


MSS  BAND 
RATIO 

RANGE  OF 
APPLICABILITY 
IN  METERS 

RMS  RESIDUAL 
IN  METERS 

ao 

3l 

R54 

0-0.70 

0.11 

1.210 

-1.061 

Raa 

0-0.40 

0.06 

0.526 

-0.529 

R74 

0-0.30 

0.05 

0.278 

-0. 727 
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FIGURE  6.  MSS5/MSS4  RATIO  FROM  CCT  VS.  SUSPENDED  SOLIDS 
FOR  28  ‘-'ATER  SA?1PLES  FR(W  3 LANDSAT-1  CYCLES. 
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FIGURE  9.  MSS  6/MSS  4 CCT  RATIO  VS.  SUSPENDED  SOLIDS 
FOR  170  WATER  SAMPlfS  TAKEN  FROM  3 KANSAS 
RESERVOIRS  DURING  13  DIFFERENT  LA'IDSAT-1 
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FIGURE  11.  SUSPENDED  SOLIDS  CONTOUR  MAP  OFTUTTLE  CREEK 

RESERVOIR  (AUGUST  14,  1972  ERTS-1  ID  NO.  1022-16391-5) 

DERIVED  FROM  CCTS  (MSS  5)  FOR  4 LANDSAT-1  PASSES. 
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FIGURE  14.  MSS  5/MSS  4CCT  RATIO  VS.  WIND  VELXITY  FOR 
35  SAMPLES  TAKEN  FROM  2 KANSAS  RESERVOIRS 
OVER  A 13  MONTH  PERIOD, 
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FIGURE  15.  MSS  5/MSS  4 CCT  RATIO  VS.  TEMPERATURE  FOR 
44  SAMPLES  TAKEN  FROM  2 KANSAS  RESERVOIRS 
OVER  A 13  MONTH  PERIOD. 
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FIGURE  16.  RESIDUALMSS  5/MS54CCT  RATIO  VS.  TOTAL 
CHLOROPHYLL  FOR  106  SAMPLES  TAKEN  FROM  2 
KANSAS  RESERVOIRS  OVER  A 13  MONTH  PERIOD. 
RESIDUAL  WAS  OBTAINED  BY  SUBTRACTING  LINEAR 
DEPENDENCE  ON  SUSPENDED  SOLIDS. 
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FIGURE  17. COMPARISON  OF  CCT  DIGITAL  LEVELS  WITH 
IMAGE  DENSITY  MEASUREMENTS  FOR  TUTTLE 
CREEK  RESERVIIR,  LAUDSAT  CYCLE  A.  OEHSITY 
MEASUREMENTS  WERE  CONVERTED  TO  EQUIVALENT 
CCT  LEVELS  BY  US  ING  STEP  WEDGE  AT  BOTTOM 
OF  IMAGE. 
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FIGURE, 18.  COMPARISON  OF  CCT  LEVELS  WITH  I DECS  LEVELS 
FOR  PERRY,  LANDSAT  CYCLE  2. 
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FIGURE  19.RADIANCE  VS.  SUSPENDED  SOLIDS.  ONE  SL-3  PASS 
( SUN  ANGLE  - 44®  ) OVER  3 S.E.  KANSAS  RESERVOIRS 
AND  7 LANDSAT  PASSES  ( SUN  ANGLE  » 40®-  54®  ) 
OVER  3 N.E.  KANSAS  RESERVOIRS. 


368 


RADIANCE  RATIO 


S-190A  RED/GREEN  RATIO 


SUSPENDED  SOLIDS  (PPM) 


FIGURE  21.  RED/  GREEN  RATIO  VS.  SUSPENDED  SOLIDS  FOR 
WATER  SAMPLES  TAKEN  FROM  3 S.E.  KANSAS 
RESERVOIRS,  SEPT.  18  1973. 
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In  March,  1974,  the  Virginia  State  Water  Control  Board  embarked  on 
a program  with  the  National  Aeronautics  and  Space  Administration 
(NASA)  User  Demonstration  Group,  LANDSAT  Resources  Branch  of  the 
Applications  Directorate.  The  program  first  centered  on  a proposed 
development  approximately  ten  miles  west  of  Richmond,  Virginia, 
which  involved  land  use  monitoring  as  well  as  water  quality  monitor- 
ing of  the  Swift  Creek  Reservoir  and  the  Brandermill  development 
which  was  to  be  built  around  the  Reservoir.  After  several  months 
of  both  water  quality  and  LANDSAT-l  monitoring,  it  was  decided  that 
the  water  was  high  quality  and  homogenous  throughout  the  Reservoir. 

At  this  time  a decision  was  made  to  continue  Reservoir  monitoring 
on  days  of  LANDSAT-l  passovers  and  also  to  monitor  another  nearby 
reservoir.  Lake  Chesdin,  which  was  of  generally  poorer  water  quality 
and  not  homogenous.  Concentration  on  land  use,  however,  was  to 
remain  in  the  Swift  Creek  Reservoir  area.  After  only  nine  months 
of  work  with  LANDSAT-l  imagery,  we  have  found  data  to  be  very  helpful 
in  both  water  quality  monitoring  and  land  use  monitoring. 

Water  quality  monitoring  in  Swift  Creek  and  Lake  Chesdin  Reservoirs 
by  LANDSAT-l  has  proved  useful  in  the  following  ways: 

1.  It  has  helped  determine  valid  reservoir  sampling 
stations. 

2.  It  monitors  areas  of  the  Reservoirs  which  are  not 
accessible  by  land  or  water. 

3.  It  gives  the  State  a viable  means  of  measuring  Secchi 
depth  readings  in  these  unaccessible  areas. 

4.  It  gives  an  overview  of  trends  in  changing  sedimentation 
loadings  during  a specific  period  of  time  and  will  class 
these  waters  into  various  categories. 

5.  It  enables  the  State  to  inventory  all  major  lakes  and 
reservoirs  and  gives  accurate  acreage  estimations  of 
lakes  and  reservoirs  in  each  region. 

Land  use  monitoring  by  LANDSAT-l  in  the  area  around  the  Swift  Creek 
Reservoir  has  been  extremely  useful  in  the  following  ways; 

1.  It  has  been  found  that  LANDSAT-l  is  exceedingly  accurate 
in  monitoring  land  use  changes  in  any  specific  area 
(Example:  Swift  Creek  Reservoir- Brandermill  area). 
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2.  LANDSAT-1  monitoring  can  evaluate  possible  long- 
term environmental  effects  of  the  Brandermill 
development  on  the  Reservoir  as  applied  to  completing 
environmental  impact  statements. 

3.  LANDSAT-1  data  will  aid  in  monitoring  and  predicting 
population  shifts  which  will  key  future  water  quality 
problems. 

Problems  which  exist  for  the  present  and  the  future  with  organizations 
such  as  ours  using  available  LANDSAT-1  or  LANDSAT-2  are  as 
follows : 


1.  Because  of  18-day  lapses  between  passovers  and  the 
limitation  of  cloud  cover  at  passover  times,  areas 
cannot  be  monitored  with  any  type  of  consistency. 

2.  NASA,  by  design,  is  not  user  oriented,  therefore,  any 
sort  of  permanent  user  program  must  either  be  taken 
on  by  the  agency  or  contracted  with  a company  such  as 
Bendix  or  General  Electric.  In  each  case,  considerable 
expense  would  be  involved  thereby  making  such  a program 
unfeasible  for  small  state  agencies. 

3.  LANDSAT-1  and  -2  are  both  devoid  of  sensors  which  would 
prove  to  be  very  valuable  in  the  work  in  which  this 
agency  is  involved,  the  most  notable  being  a thermo 
sensor. 

In  conclusion,  the  State  Water  Control  Board  has  found  LANDSAT-1 
imagery  to  be  valuable  in  both  land  use  and  water  quality  monitoring. 
This  agency  also  feels  there  is  great  potential  in  satellite  monitor- 
ing for  the  future  as  the  science  comes  of  age  and  various  sensors 
are  added  to  future  vehicles.  We  do  feel  that  cost  is  probably  the 
major  problem  with  the  program  at  this  time,  but  solutions  are  not 
impossible  and  will  be  forthcoming. 


INTRODUCTION 


In  February  of  1974  personnel  from  the  Virginia  State  Water  Control  Board 
(VSWCB)  office  were  attracted  by  an  article  in  a magazine  that  dealt  briefly 
with  the  potential  of  LANDSAT  satellite  monitoring  as  applied  to  water  quality 
studies  and  land  use.  After  writing  the  National  Aeronautics  and  Space  Admin- 
istration (NASA)  at  the  Goddard  Space  Flight  Center,  Greenbelt,  Maryland,  it 
was  learned  that  we  could  visit  the  complex  to  learn  more  about  the  potential 
use  of  LANDSAT.  In  March,  1974,  a visit  was  made  by  me  and  two  other  members 
of  the  VSWCB  staff.  We  were  very  impressed  with  satellite  monitoring  system 
and  felt  that  it  held  great  potential  for  our  organization;  this  we  related 
to  NASA  personnel. 

In  January,  1974,  the  VSWCB  began  a water  quality  study  on  the  Swift  Creek 
Reservoir,  a 1700  acre  impoundment,  which  supplies  drinking  water  to  some 
30,000  people.  The  reason  for  such  a study  was  a proposed  development  to  be 
built  around  the  Reservoir  by  Sea  Pines,  Inc.  The  development  was  to  be  called 
Brandermill,  Inc.  It  would  encompass  approximately  3,000  acres,  take  five 
years  to  complete,  and  house  some  70,000  people  (Reference:  Figure  A).  The 

VSWCB  felt  that  reservoir  monitoring  would  serve  two  purposes: 


372 


1.  It  would  be  an  opportunity  to  monitor  the  water  quality  during 
the  five  year  period  of  construction  to  ensure  that  it  would 
not  suffer  due  to  this  development. 

2.  It  gave  the  VSWCB  an  opportunity  to  work  directly  with  a private 
firm  (Sea  Pines,  Inc.)  to  further  ensure  non-degradation  of  the 
water  quality  in  the  Reservoir. 

After  further  discussion  of  LANDSAT  use  with  NASA  personnel,  it  was  decided 
that  the  Swift  Creek  Reservoir  held  potential  as  a study  area  for  LANDSAT 
monitoring.  The  Reservoir  was  large  enough  to  be  monitored  accurately,  and 
the  greatest  problem  we  anticipated  with  the  construction,  namely  siltation 
runoff,  could  be  measured  by  satellite  reflectance.  It  was  at  this  time  that 
Dr.  John  Barker  of  the  NASA  Earth  Resources  Branch  at  Goddard  Space  Plight 
Center  contacted  my  office. 

After  several  months  of  both  VSWCB  and  LANDSAT-1  monitoring,  it  was  decided  by 
the  two  groups  involved  that  Swift  Creek  Reservoir  was  homogenous  throughout 
and  water  quality  variation  would  have  to  be  found  in  another  body  of  water, 
preferably  within  the  same  satellite  image.  After  some  field  examination,  it 
was  decided  that  Lake  Chesdin,  a 3,060  acre  lake  south  of  Swift  Creek  Reservoir, 
would  be  chosen.  This  decision  was  made  on  the  basis  of  a preliminary  investi- 
gation that  indicated  serious  siltation  problems  on  the  Lake.  Lake  Chesdin 
supplies  drinking  water  for  areas  in  Chesterfield  County,  Virginia. 


NOMENCLATURE 


Secchi  disk.  - Black  and  white  circular  disk  which  is  lowered  into  the  water 
until  it  just  disappears  from  view.  The  distance  between  the  disk  and  the 
surface  of  the  water  is  the  Secchi  reading  in  inches. 

Turbidity  meter.  - An  instrument  which  is  used  to  measure  the  transmittance 
of  light  through  that  water  as  measured  in  Jackson  Turbidity  Units  (JTU) . 

Total  solids.  - Total  solids  is  defined  as  the  sum  total  of  the  dissolved  solids 
(those  solids  which  are  in  true  solution)  and  total  suspended  solids  (includes 
settleable  solids) . Consists  of  both  organic  and  inorganic  solids  and  is 
expressed  in  mg/1. 

Total  volatile  solids.  - That  portion  of  total  solids  which  can  be  ignited  at 
a constant  temperature  of  600°C  thereby  classing  such  material  as  organic. 
Expressed  in  mg/1. 

Total  fixed  solids.  - That  portion  of  total  solids  which  will  not  oxidize  at 
600°C  thereby  classing  such  materials  as  inorganic.  Expressed  in  mg/1. 

Total  suspended  solids.  - The  total  amount  of  residue  which  is  filterable  with 
a Reeve  Angel  grade  934AH  fiberglass  filter.  Consists  of  both  organic  and 
inorganic  material.  Expressed  in  mg/1. 

Volatile  suspended  solids.  - That  portion  of  total  suspended  residue  which  can 
be  ignited  at  550°C  thereby  classing  such  material  as  organic.  Expressed  in 
mg/1 . 

Fixed  suspended  solids.  - That  portion  of  the  total  suspended  residue  which  will 
not  oxidixe  at  550°C  thereby  classing  such  material  as  inorganic.  Expressed 
in  mg/1. 
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Tri-depth  sampling.  - Method  of  sampling  by  which  three  samples  are  taken  from 
each  point  or  station.  These  saunples  are  taken  at  surface,  60%  from  surface, 
and  95%  from  surface  of  water. 

Mid-depth  sampling,  - Method  of  sampling  by  which  a single  sample  is  taken 
from  each  point  or  station  at  60%  from  water  surface. 

Stratification.  - Vertical  ♦ mpcrature  layers  in  water  usually  ecsociated  with 
deep  lakes  and  reservoirs. 


APPROACH 


Sampling  began  on  the  Reservoir  in  January,  19"'4.  Originally,  there  were  five 
sampling  stations  around  the  main  Reservoir  body  (Reference:  Figure  B) . 

These  stationF  were  sampled  monthly  at  tri-depth  for  the  first  two  months. 

Upon  review  of  the  satellite  imagery  and  ground  observation,  it  was  decided 
that  the  impoundment  was  shallow  enough  (average  depth  nine  feet)  so  that 
stratification  was  not  occurring;  therefore,  mid-depth  sairpling  replaced  the 
tri-depth  sampling. 

In  April,  1974,  when  NASA  began  to  work  with  the  VSWCB,  it  was  recognized  that 
an  increase  in  sampling  stations  would  oe  beneficial.  None  of  the  original 
stations  were  deleted  and  five  new  stations  were  added  (Reference:  Figure  C) . 
Also,  at  this  time  Secchi  disk  readings  were  initiated  at  each  station  as  well 
as  lab  and  field  turbidity  readings.  Other  parameters  to  be  examined  were 
cotal  solids,  volatile  and  fixed,  and  suspended  solids,  volatile  and  fixed. 

All  of  these  parameters  were  to  be  used  to  relate  to  reflectance  of  LANDSAT 
imagery.  Sampling  runs  were  to  coincide  directly  with  the  time  3f  satellite 
overpass  schedules.  Construction  at  Brandermill  began  in  the  later  part  of 
June,  1974. 

Certain  difficulties  occurred  during  the  nine  months  of  sampling  on  overpass 
days.  These  involved  equipment  and  procedural  malfunctions,  weather  conditions, 
and  in  two  cases  an  incorrect  overpass  schedule.  As  with  all  new  programs  in 
which  new  sampling  techniques  are  involved,  iiembers  of  the  VSWCB  staff  incurred 
certain  problems  with  the  equipment  and  with  the  procedure  used  in  handling 
this  equipment.  When  there  were  no  field  problems,  cloud  cover  interfered; 
and  when  neither  of  these  occurred,  it  was  discovered  that  in  October  and 
November  of  1974  the  overpass  schei  ie  was  in  error.  In  summary,  out  of  the 
nine  months  of  sampling  and  overpass  days  only  two  months  of  images  were 
analyzed,  June  15  and  September  13. 

During  the  summer  and  early  fall,  NASA  and  the  VSWCB  worked  closely  to  coordinate 
efforts  including  visits  to  Richmond  and  Goddard  Space  Flight  Center.  During 
the  trips  to  Swift  Creek  and  I.ake  Chesdin  Reservoir,  photographs  were  taken 
for  ground  truth  purposes.  On  the  September  visit  Secchi  depth  readings  were 
taken  during  satellite  overpass.  Large  variations  were  found  throughout  the 
Lake,  especially  in  one  area  which  was  protected  by  a causeway  and  a bridge. 

Here  Secchi  readings  were  twice  as  great  as  in  other  parts  of  the  Lake.  Other 
VSWCB  field  personnel  were  simultaneously  sampling  on  Swift  Creek  Reservoir. 

Cloud  cover  was  at  a minimum  and  all  equipment  functioned  properly. 

From  this  data  and  the  June  data.  Dr.  Barker  and  I were  able  to  gather  a great 
deal  of  information  relating  to  the  project.  By  comparing  the  differences  in 
the  June  and  September  images,  the  Brandermill  construction  area  was  pinpointed 
and  its  acreage  measured.  Airplane  flights  were  made  by  VSWCB  personnel  to 
produce  photographs  for  this  land  use  classification. 


374 


Visits  to  NASA,  Goddard  Space  Flight  Center,  included  working  sessions  on 
both  the  General  Electric  Image  100  and  the  IDAMS  computer  systems.  These 
sessions  proved  beneficial;  NASA  personnel  obtained  information  on  ground 
truth  and  VSWCB  personnel  became  more  familiar  with  the  classification 
techniques  involved  in  digital  image  processing.  Seeing  the  projects 
produced  was  essential  in  supplying  the  appropriate  ground  observations. 


CONCLUSION 


With  field  work  completed,  the  VSWCB  began  to  receive  from  NASA  satellite  imagery 
and  plots  which  demonstrated  a considerable  amount  of  usefulness  in  our  assess- 
ment of  the  entire  program.  Water  quality  monitoring  on  Swift  Creek  Reservoir 
and  Lake  Chesdin  by  LANDSAT-1  was  demonstrated  useful  in  the  following  ways: 

1.  Sampling  and  Overview.  - Instead  of  a hit-and-miss  system  of 

determining  sampling  stations,  satellite  classification  products 
have  guided  our  personnel  in  choosing  stations  that  are  more 
representative  of  the  total  picture.  Two  areas  on  Lake  Chesdin 
show  much  higher  quality  of  water  than  the  main  body,  Namozine 
Creek  and  Whipponock  Creek  (Reference:  Figure  D) . On  Swift  Creek 

Reservoir  water  does  appear  homogenous,  yet,  any  future  problems 
that  may  occur  will  be  noted  much  earlier  because  of  the  rearrange- 
ment of  sampling  stations  due  to  LANDSAT.  Imagery  gives  an  over- 
view of  trends  in  changing  sedimentation  loadings  during  a specific 
period  of  time  and  then  these  waters  may  be  arranged  into  various 
categories  of  loadings. 

2.  Inaccessible  Areas.  - Imagery  can  be  useful  in  monitoring  areas 
not  accessible  by  land  or  boat  or  at  least  not  easily  accessible 
by  land  or  boat.  Examples  of  this  are  seen  in  the  Goose  Island 
portion  of  Lake  Chesdin  (Reference:  Figure  D)  and  the  upper 
reaches  around  station  #5  on  Swift  Creek  Reservoir  (Reference: 

Figure  C) • With  satellite  monitoring  of  these  stations,  the  VSWCB 
can  save  40  man-hours  per  year  and  laboratory  cost  in  sampling 
programs;  and  annual  or  semiannual  review  should  reveal  problems 
which  may  occur  in  the  inaccessible  areas. 

3.  Reduced  Manpower  and  Increased  Coverage.  - A regular  program  of 
water  quality  monitoring  via  satellite  should  reduce  manpower 
requirements  and  substantially  extend  the  coverage  of  the  state 
lake  monitoring  programs  as  they  pertain  to  siltation  problems. 

If  a problem  area  is  discovered  by  imagery,  action  can  be  initiated 
thereby  eliminating  us  lesr  trips. 

4.  Acreage . - LANDSAT  imagery  enables  the  State  to  inventory  major 
lakes  and  reservoirL*  and  establish  accurate  acreage  estimations 
of  these  lakes  and  reservoirs.  This  phase  of  monitoring  is  not 
only  important  in  that  it  can  measure  acreage  sizes,  which  can 
be  done  as  accurately  by  other  methods;  Its  importance  lies 
in  the  potential  of  measuring  changes  in  acreage.  By  normal 
methods,  acreage  changes  in  lakes  and  reservoirs  are  only 
measured  every  ten  years  by  the  United  States  Geological  Survey 
(USGS).  Satellite  imagery  can  update  changes  as  needed.  Although 
this  phase  oi  the  program  has  not  gone  beyond  two  major  lakes  in 
the  Richmond  area,  it  is  certainly  safe  to  assume  that  it  holds 
potential  throughout  the  State  of  Virginia. 

Watershed  Land  Use.  - In  addition  to  measuring  the  size  accurately 
for  each  major  lake  or  reservoir,  NASA  has  lemonstrated  that 
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watershed  boundries  can  be  plotted  thereby  giving  users  such 
as  the  VSWCB  an  overall  view  of  each  watershed.  With  this 
knowledge « agencies  will  be  able  to  assess  water  quality 
problems  as  they  pertain  to  land  use  in  the  watershed.  If 
any  type  of  accurate  assessments  are  to  be  made  in  the  future, 
information  of  this  type  will  be  necessary. 

Each  of  these  five  major  categories  from  LANDSAT-1  form  a picture  of  the  two 
lakes  studied  that  has  not  been  surpassed  by  emy  other  method  of  evaluating 
siltation  problems. 

Changes  in  use  directly  impact  water  quality  studies.  If  a population  shift 
is  ejqperienced  in  any  specific  area,  it  can  be  anticipated  that  several  things 
will  happen  to  the  water  quality  in  that  area.  Unless  the  people  involved 
in  the  actual  construction  are  careful  to  limit  to  a minimum  any  disruption 
of  underbrush  and  trees,  it  is  certain  that  there  will  be  siltation  runoff 
from  cleared  areas.  After  construction  is  over  and  the  area  established, 
the  presence  of  populace  will  contribute  to  further  degradation  of  water 
quality.  Complications  such  as  the  cd)Ove  serve  to  point  out  the  value  of 
Icuid  use  monitoring  via  satellite. 

LANDSAT-1  land  use  monitoring  in  the  area  around  Swift  Creek  Reserv^^ir  proved 
helpful  in  monitoring  land  use  changes.  Using  two  images,  one  on  June  15, 
1974,  (before  actual  construction  had  begun)  and  the  other  September  13,  1974, 
(after  the  major  part  of  clearing  had  been  completed)  NASA  personnel  were 
able  to  plot  construction  areas  to  such  a fine  degree  as  to  pinpoint  small 
waterholes  on  the  fairways  of  the  golf  course.  With  this  type  of  accuracy, 
the  VSWCB  can  get  an  overall  view  of  any  existing  or  potential  problems  as 
they  pertain  to  the  construction  project.  Current  spatial  resolution  atipears 
adequate  for  monitoring  change  in  land  use.  It  is  reasonable  to  assume  that 
a man  preparing  an  environmental  impact  statement  can  use  LANDSAT  data  to 
evaluate  land  use  and  its  effects  op  watersheds  as  was  done  by  our  office  with 
the  Brandermill  project. 

The  VSWCB  can  foresee  other  State  agencies  using  the  same  data  that  we  receive 
and  applying  it  in  various  ways,  such  as  forestry  classification,  populatic  i 
studies,  and  many  others.  An  effort  has  been  made  to  expand  interest  for 
LANDSAT  use  cunong  other  State  agencies.  Contacts  have  been  made  and  response 
has  generally  been  positive.  As  new  awareness  generates  response,  we  at 
the  VSWCB  foresee  an  increase  in  use  within  the  State  government. 

As  with  all  projects  of  this  type,  problems  were  encountered.  It  should  be 
understood  that  some  of  thtr  difficulties  listed  below  are  inherent  as  a part 
of  the  nature  of  environmental  satellite  monitoring;  however,  many  of  these 
difficulties  can  be  corrected  or  improved  with  future  satellites  and  with  a 
broadening  of  techniques  and  increase  in  use. 

1.  Frequency  of  Coverage.  - Because  of  18-day  lapses  between  LANDSAT 
1 overpasses  and  cloud  cover  in  this  region,  areas  cannot  be 
monitored  more  frequently  than  once  every  two  months.  Consequently, 
the  monitoring  of  water  quality  cannot  be  used  as  an  instantaneous 
means  of  alert. 

2.  Cost.  - Tne  next  and  most  significant  problem  a state  agency 
faces  is  funding.  NASA  by  design  is  not  user  oriented;  therefore, 
anyone  who  finds  the  type  of  monitoring  in  which  we  have  been 
involved  to  be  of  use  must  approach  a private  concern  for  a 
contractional  agreement.  This  service  appears  to  be  too  expensive. 
There  are  several  solutions  to  this  situation,  the  most  notable 

in  my  opinion  being  the  federal  government's  reevaluation  of 
NASA  to  become  user  oriented.  If  this  were  a federal  government 
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progrcun,  states  would  only  have  to  share  a small  percentage  of 
the  cost.  I can  see  many  advantages  to  this  incli>’ing: 

a.  NASA  would  receive  additional  funding  to  increase 
staff  to  support  the  program. 

b.  The  progrcun  would  be  available  to  many  agencies,  such 
as  ours,  that  are  already  aware  of  LANDSAT  potential 
and  also  to  untold  numbers  of  agencies  who  are  not 
aware  of  LANDSAT  potential. 

c.  With  increased  use,  the  program  should  become  more 
cost  ffective  eu.d  usable  in  various  applications. 

d.  Lastly,  such  a growth  would  serve  to  benefit  the 
environment.  With  increased  use,  advancements 
in  technology  and  new  environmentally  designed 
satellites,  we  could  not  help  but  receive  a greater 
understanding  of  our  environment,  its  problems, 

and  solutions  to  these  problems.  This  is  the  essence 
of  the  program. 

3.  Sensors.  - The  VSWCB  would  especially  like  to  see  additional  sensors 
on  satellites,  the  most  notable  of  hich  would  be  a thermo  sensor 
with  resolution  of  better  than  one  hundred  meters  on  the  side. 

An  instrument  such  as  this  could  pro’  e invaluable  to  environmental 
work  as  related  to  thermo  nuclear  power  plant  discharges,  sewage 
disposal  diffusion  patterns,  air  pollution  problems,  and  many 
others.  Certainly  there  are  other  sensors  which  would  be  of 
value,  but  it  is  our  opinion  that  the  thermo  sensor  with  temperature 
sensitivity  of  at  least  0.3°C  should  be  one  of  the  first  to  be 
considered  for  the  future. 

In  summary,  the  VSWCB  has  found  our  program  with  NASA  to  be  one  of  great  value 
as  applied  to  the  Brandermill-Swift  Creek  Reservoir  and  Lake  Chesdin  projects. 
We  have  gained  a great  deal  of  knowledge  about  these  particular  impoundments 
and  an  acute  insight  into  the  nature  of  the  problems. 
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II.-  MONITORING  WATER  QUALITY  FROM  LANDSAT 
By  John  L.  Barker,  Earth  Resources  Branch,  NASA/GSFC,  Greenbelt,  Maryland 

ABSTRACT 

Water  quality  monitoring  possibilities  from  LANDSAT  were 
demonstrated  both  for  direct  readings  of  reflectances  from  the 
water  and  indirect  monitoring  of  changes  in  use  of  land  surround- 
ing Swift  Creek  Reservoir  in  a joint  project  with  the  Virginia 
State  Water  Control  Board  and  NASA.  Film  products  were  shown 
to  have  insufficient  resolution  and  all  work  was  done  by  digitally 
processing  computer  compatible  tapes. 

It  was  shown  that  areas  of  individual  water  bodies  could  be 
measured  from  LANDSAT  with  an  accuracy  that  decreased  from  +1% 
at  500  hectares  to  +8%  at  5 hectares.  Mixed  land  and  water  pixels 
with  more  than  30%  water  were  identified  from  low  MSS-7  reflectance 
values.  Since  measurements  of  large  bodies  have  relatively  small 
errors,  since  random  errors  in  the  calculation  of  the  area  of 
small  bodies  will  cancel  out  when  several  single  body  areas  are 
summed,  and  since  there  were  no  observable  systematic  errors, 
it  seems  that  water  inventory  maps  from  LANDSAT  within  a particular 
region  can  be  accurate  to  +1%  in  identifying  the  total  area  of 
water.  Although  mixed  pixel  methods  were  more  accurate  than 
pure  100%  water  pixel  methods,  for  some  applications  pure  pixel 
methods  might  be  adequate  for  areas  above  20  hectares  as  long 
as  a theoretical  correction  for  border  pixels  is  made.  For 
guaranteed  repeat  monitoring  from  LANDSAT,  the  homogenous  body 
of  water  must  be  at  least  160m  by  160m  or  2.5  hectares  (6.2  acres) 
in  size. 

LANDSAT  reflectances  from  water  in  the  visible  (MSS-4  and  MSS-5) 
and  near-infrared  (MSS-6)  spectral  bands  were  shown  to  be  nearly 
perfectly  correlated  and  spatially  coherent  for  both  Swift  Creek 
Reservoir  and  Lake  Chesdin  Reservoir,  which  has  a ten  times  greater 
flow  rate  due  to  input  from  t’.ie  Appomatox  River.  Maps  of 
different  reflectances  in  water  were  derived  using  only  MSS-5  values 
for  these  two  reservoirs.  Secchi  depth  and  MSS-5  reflectance  values 
showed  a 98%  inverse  correlation  on  one  date  in  Lake  Chesdin 
Reservoir  which  may  be  due  to  the  mutual  dependence  on  total  solids 
content.  It  is  expected  that  calibration  equations  of  LANDSAT 
reflectance  and  a water  quality  parameter  will  be  necessary  for 
each  region  which  supplies  different  types  of  organic  and  inorganic 
particles.  For  Lake  Chesdin  Reservoir  it  was  possible  to 
distinguish  classes  of  water  from  LANDSAT  imagery  which  differed  by 
about  5cm  at  the  most  sediment-laden  and  reflective  Secchi  depths. 
Direct  monitoring  of  water  quality  seems  to  be  most  useful  for 
observing  changes  in  water  patterns  and  devising  and  verifying  water 
sampling  programs. 
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Perhaps  the  greatest  potential  contribution  of  LANDSAT  is  through 
indirect  interpretation,  by  detecting  changes  in  land  cover  in  a 
watershed.  Land  cover  maps  of  the  18,000  hectare  Swift  Creek 
Reservoir  watershed  were  prepared  for  two  dates  in  1974.  A signi- 
ficant decrease  in  the  pino  cover  was  observed  in  a 740  hectare 
construction  site  within  the  watershed.  A measure  of  the 
accuracy  of  classification  was  obtained  by  comparing  the  LANDSAT 
results  with  visual  classification  at  five  sites  on  a U-2  photo- 
graph. Such  changes  in  land  cover  can  alert  personnel  to  watch 
for  potential  changes  in  water  quality. 

INTRODUCTION 


The  Virginia  State  Water  Control  Board  (VSWCB)  has  the 
responsibility  for  monitoring  the  water  quality  of  all  bodies  of 
water  in  Virginia.  The  primary  objective  of  this  paper  is  to 
identify  ways  in  which  remotely  sensed  satellite  data  might  help 
support  this  program,  both  qualitatively  and  quantitatively. 
Working  with  VSWCB,  various  products  from  image  processing  of 
LANDSAT  data  were  prepared  for  evaluation  by  NASA/VSWCB  personnel, 
as  well  as  other  potential  users. 


An  object  of  immediate  concern  to  VSWCB  was  the  possible 
change  in  water  quality  due  to  the  construction  of  a 1000  hectare 
(2500  acre)^  residential  community  called  Brandermill  on  land 
immediately  adjacent  to  600  hectare  Swift  Creek  Reservoir  (SCR) . 


Therefore,  the  possibilities  of  using  data  from  the  Earth  Resources 
Technology  Satellite  ^ to  monitor  environmental  impact  on  this 
water  body  were  investigated  both  directly  through  readings  of 
reflectances  from  the  water,  and  indirectly  by  monitoring  changes 
in  reflectances  from  the  land  surrounding  the  reservoir. 


For  purposes  of  discussion,  the  evaluation  has  been  divided 
into  four  sections: 


o Spatial  and  spectral  resolution  of  LANDSAT  film  products 
as  compared  to  digital  LANDSAT  data  from  Computer  Compat- 
ible Tapes  (CCT) . 

o A determination  of  the  precision  and  accuracy  of  measure- 
ing  surface  areas  of  bodies  of  water  from  LANDSAT. 

o LANDSAT  monitoring  of  Secchi  depths  and  total  solids  in 
Lake  Chesdin  Reservoir  (LCR) , and  choice  of  water  sam- 
pling sites  at  both  LCR  and  SCR  based  on  the  synoptic 
overview  of  reflectances  from  LANDSAT. 

_ , _ 

One  hectare  is  0.01  Km  and  equals  2.5  acres. 

^"ERTS"  has  been  renamed  LANDSAT. 
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o LANDSAT  monitoring  of  changes  in  land  cover  in  the  SCR 
watershed,  in  the  Brandermill  construction  site,  and  in 
the  area  of  overlap  between  the  construction  site  and 
the  watershed. 

DIGITAL  VERSUS  FILM  PRODUCTS 

Digital  data  are  necessary  for  most  water  quality  monitoring. 
This  can  be  illustrated  by  comparing  a standard  black  and  white 
print  of  a LANDSAT  image  (Figure  1) , and  a photographic  blow-up 
(Figure  2)  from  it,  with  a pseudo-color  pixel^  print  of  the  same 
area  (Figure  3)  prepared  from  a CCT. 

The  photographic  blow-up  in  Figure  2 was  prepared  from  a 
standard  70mm  negative  of  MSS  band  7^  for  the  LANDSAT  image 
of  13  September  1974.  It  appears  slightly  out  of  focus  because  in- 
dividual points  of  information  can  no  longer  be  resolved  at  this 
scale.  Photographic  products  have  the  inherent  limitation  that 
some  information  is  lost  in  each  successive  generation  of  photo- 
graphs. While  some  of  the  fuzziness  of  Figure  2 can  theoretically 
be  attributed  to  loss  in  printing  from  Figure  1,  in  this  case  the 
detail  is  not  present  in  the  original  negative.  Some  of  the  in- 
formation from  the  satellite  has  already  been  lost  in  the  prepara- 
tion of  the  second  or  third  generation  negatives  used  to  prepare 
negatives  for  the  user. 

How  does  one  extract  the  maximum  amount  of  information  from 
the  satellite?  Figure  3 is  a pseudo-color  pixel  print  prepared 
by  computer  assignment  of  different  colors  to  every  reflectance 
value  in  MSS-7.  The  choice  of  "pseudo-colors"  is  arbitrary  and  not 
necessarily  optimum,  but  illustrates  the  ability  to  make  each 
different  reflectance  value  visible  when  one  starts  with  the  ori- 
ginal digital  data  on  the  CCT's.  Furthermore,  every  pixel  can 
be  seen  as  a distinct  rectangle.  One  of  the  inherent  advantages 
of  digital  image  processing  is  that  no  information  need  be  lost 
in  computer  processing. 


A pixel  is  a picture  element.  For  LANDSAT,  a typical  pixel  from  the 
satellite  corresponds  to  an  area  on  the  ground  of  about  57m  by  79m, 
or  .45  hectares  (1.1  acres). 

i 

"LANDSAT  has  four  bands  of  light  reflectance  recorded  with  its 
Multi-Spectral  Spectrometer.  MSS-4  (0.5  to  .6  microns)  and 
MSS-5  (0.6  to  0.7  microns)  are  in  the  visible.  MSS-6  (.7  to 
.8)  and  MSS-7  (.8  to  1.1)  are  in  the  near  infrared. 
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What  is  the  ultimate  LANDSAT  resolution?  Is  it  necessary  to 
obtain  this  degree  of  precision  when  monitoring  water  quality?  A 
theoretical  estimate  can  be  made  of  the  smallest  sized  water  area 
that  can  be  reproducibily  monitored  from  LANDSAT  by  knowing  the 
size  of  a pixel  and  recognizing  that  the  arbitrary  starting  point 
of  the  process  of  scanning  on  the  satellite  will  result  in  pixel 
displacement  from  one  date  to  another  of  up  to  plus  or  minus  one 
column  or  one  line,  even  after  registration  of  the  two  images  on 
top  of  each  other.  The  nominal  scan  rate  of  the  mirror  in  the 
satellite  results  in  the  storage  of  average  reflectance  values  as 
individual  pixels  which  are  roughly  centered  in  adjacent  57m  by 
79m  areas  on  the  ground.  However,  the  ^nstanteous  Field  Of  View 
(IFOV)  of  the  telescope  on  the  satellite  is  about  79m  by  79m. 

Since  this  area  is  greater  than  the  area  from  the  average  scan  rate, 
every  pixel  contains  an  overlap  contribution  to  its  reflectance 
from  the  two  adjacent  pixels  on  the  same  line.  This  larger  79m  by  79m 
IFOV  pixel  area  is  the  limiting  size  in  resolving  reflectance 
values  from  the  ground.  Given  the  arbitrary  starting  point  of 
the  scan  of  each  image,  the  homogeous  water  area  on  the  ground 
would  have  to  be  at  least  twice  as  wide  and  twice  as  long  as  the 
IFOV  to  ensure  that  on  every  pass  of  the  satellite  at  least  one 
pixel  contained  nothing  but  reflectance  from  the  homogeneous 
water  area.  Therefore,  for  guaranteed  repeat  monitoring  from 
LANDSAT,  the  homogeneous  area  must  be  at  least  158m  by  158m  or  2.5 
hectares  (6.2  acres)  in  size,  in  30%  of  Uio  images,  a homogeneous 
area  would  be  visible  as  a pixel  containing  100%  water  if  its 
dimensions  were  a factor  of  a square  root  of  2 less,  namely  112m  by 
112m  or  1.25  hectares  (3.1  acres).  If  2.5  hectare  bodies  of  water, 
or  bodies  with  lateral  dimensions  of  down  to  158m,  are  viewed 
as  significant  for  purposes  of  repeatedly  monitoring  water  quality 
from  LANDSAT,  then  digital  processing  is  required  in  order  to  re- 
tain all  of  the  spatial  resolution  present  in  the  data  coming  from 
the  satellite. 

In  summary,  all  the  spectral  and  spatial  resolution  is  available 
from  digital  image  processing  of  the  CCT's,  whereas  film  process- 
ing results  in  loss  of  information  in  both  domains.  Most  potent- 
ial applications  for  monitoring  of  water  quality  from  LANDSAT  seem 
to  require  digital  image  processing. 

SURFACE  AREA  OF  WATER 

VSWCB  needs  to  monitor  the  water  quality  of  all  bodies  of 
water  in  the  state.  In  order  to  accomplish  this,  they  would  like 
a periodically  up-dated  water  inventory  map  which  identifies  the 
locations  and  surface  areas  of  these  water  bodies.  By  monitoring 
changes  in  surface  area  and  the  creation  of  new  bodies,  the  relatively 
understaffed  field  units  within  each  region  of  the  VSWCB  can  set  up 
efficient  and  comprehensive  water  sampling  programs. 
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LANDSAT's  MSS  band  7 is  ideally  suited  for  spectrally  iden- 
tifying water  pixels  because  water  absorbs  so  completely  in  the 
near  infrared,  relative  to  absorption  by  non-water  areas.  Since 
the  question  of  identifying  water  by  satellite  was  not  in  doubt, 
the  objective  of  this  phase  of  the  demonstration  project  was  to 
evaluate  how  precisely,  and  how  accurately,  surface  areas  of 
water  could  be  measured.  Sub-pixel  spatial  resolution  is 
possible  for  determining  water  area  because  pixels  containing  as 
little  as  30%  water  in  them  can  be  spectrally  distinguished  in 
MSS-7  from  pixels  containing  less  than  30%  water.  For  measuring 
the  area  of  water  on  any  specific  LANDSAT  image,  the  spatial 
resolution  is  more  than  an  order  of  magnitude  better,  i.e.  of  the 
order  of  30%  of  a pixel  which  is  about  0.2  hectare  (0.4  acre). 

Swift  Creek  Reservoir  was  chosen  as  the  site  for  this  evalua- 
tion of  precision  and  accuracy  because  the  water  is  maintained  at 
the  same  level  throughout  the  year.  Furthermore,  there  is  a 
steep  shoreline  and  intense  forest  cover  extends  to  the  edge  of  the 
water.  There  is  essentially  no  shore.  Therefore,  small  changes 
in  water  level  would  result  in  even  smaller  percent  changes  in 
the  total  surface  area.  Seven  sub-sectionsof  the  reservoir  were 
used,  ranging  in  size  from  about  500  hectares  down  to  5 hectares 
of  water.  They  can  be  seen  in  a blow-up  of  a photograph  from  a 
U-2  aircraft  flown  at  60,000  feet  (Figure  4)  and  in  photographs 
taken  from  a light  plane  at  an  altitude  of  300  feet  (Figure  5) . 

Several  methods  of  calculating  areas  were  evaluated  using  these 
7 sections,  after  converting  pixel-by-pixel  lists  of  MSS-7  into 
lists  of  per  cent  water  (Figure  6) . Lists  of  this  type  were 
prepared  in  2 or  3 parts  on  three  different  images  from  1974. 

One  reason  for  this  partitioning  was  because  certain  columns  had 
been  repeated  in  the  original  CCT's  to  fill  out  the  overall 
image  to  3240  columns;  these  repeated  columns  had  to  be  removed 
to  prevent  overestimation  of  the  area  by  as  much  as  15%.  A 
second  reason  for  partitioning  was  that  a better  estimate  of  the 
average  reflectance  of  MSS-7  on  land  immediately  adjacent  to  the 
water  could  be  made  by  using  the  mean  reflectances  in  separate  parts. 
In  each  part,  a "contrast  stretch"  program  was  used  to  convert 
reflectance  values,  R,  into  percent  water,  W,  according  to  the 
formula : 

W = 100  (RL-R  N (Equation  1) 

^RL-RW' 

Where  RL  is  the  mean  reflectance  of  the  land  pixels  (read  from  a 
histogram  of  number  of  pixels  versus  reflectance  of  the  part)  and 
RW  is  the  mean  reflectance  of  the  water.  The  methods  were 
divided  into  two  types:  pure  pixel  methods  and  mixed  pixel  methods. 
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In  the  pure  pixel  methods,  pixels  containing  100%  water  were 
identified  and  then  assumptions  were  made  so  that  a correction 
could  be  added  for  the  contribution  from  fractionally  filled 
border  pixels.  The  number  of  pure  pixels  was  obtained  by 
counting  the  number  of  "50 'a"  in  lists  such  as  in  Figure  6 
(the  list  shows  values  of  W/2)  and  then  adding  1 to  3 of  the 
next  lower  levels  such  as  47  and  44  until  the  distribution  of 
number  of  pixels  versus  percent  water  was  approximately  level. 
This  could  have  been  done  in  the  original  contrast  stretch 
program.  Such  an  addition  appears  necessary  to  avoid  under- 
estimating the  number  of  pixels  containing  100%  water.  Since 
the  mixed  pixel  method  of  area  measurement  is  more  accurate, 
only  two  pure  pixel  methods  will  be  mentioned,  referred  to  as 
area  methods  A1  and  A2.  Method  Al  simply  multiplies  the  number 
of  pure  pixels,  P,  by  the  area  conversion  factor,  C: 

Al  = C P (Equation  2) 

Pure  pixel  area  method  Al  will  always  underes  mate  the  area  be- 
cause no  correction  is  made  for  border  pixels.  Pure  pixel  method 
A2  makes  a theoretical  estimate  of  the  number  of  border  pixels  by 
assuming  that  since  the  area  is  proportional  to  P,  then  the  peri- 
meter of  border  pixels  is  proportional  to  the  square  root  of  P: 

A2  = C (P  + S^'F)  (Equation  3) 

where  S is  a function  of  the  shape  of  the  body  and  can  be  shown 
to  have  a value  between  2 (for  a square^)  and  infinity  for  a 
sufficiently  long  and  thin  body  of  water.  For  sections  of  SCR,  a 
value  of  4 was  used  to  show  that  method  A2  can  give  an  answer 
almost  as  good  as  the  mixed  pixel  method  until  the  area  becomes 
so  small  that  the  number  of  border  pixels,  S^fP",  is  approximately 
equal  to  the  nuinber  of  pure  pixels,  P. 

In  the  mixed  pixel  methods,  pixels  containing  some  water  and 
some  land  are  empirically  identified  and  their  fraction  of  water 
estimated  from  their  reflectance  values,  these  fractions  are 
added  to  the  pure  pixels.  Only  one  of  the  manv  possible  mixed 
pixel  methods  will  be  examined,  the  one  which  estimates  the  num- 
ber of  border  pixels  that  contain  at  least  50%  water.  This  area 
method,  A3,  is  obtained  by  counting  all  border  pixels  in  Figure  6 
which  have  a value  of  W equal  to  or  greater  than  50,  to  be  called 
border-50%  pixels  or  B50,  and  adding  them  to  P: 

A3  = C (P  + B50)  (Equation  4) 


5 

It  can  be  shown  that  the  study  of  square  area  determinations 
by  G.  Chafaris  can  be  summarized  by  an  equation  A2  = C (P  + 2,^  + 1) ; 
"Area  Computation  From  ERTS  Data  via  Tmage-100"  internal  General 
Electric  Co.  report,  9 January  1975. 
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This  method  A3  is  equivalent  to  a threshold  classifier  which 
adjusts  the  range  of  reflectance  values  such  that  exactly  50% 
of  the  border  pixels  are  included  as  part  of  the  pure  class, 

Results  of  mixed  pixel  area  method  A3  are  summarized  in 
Tables  i and  2.  Areas  given  for  the  '^SGS  map  were  obtained  by 
using  a planimeter  on  each  of  the  seven  areas  on  a Is 24,000 
scale  map.  The  error  in  reproducibility  for  the  planimetering 
was  as  small  as  0.1%  for  the  largest  area  and  about  4%  for 
the  smallest  area.  These  errors  can  all  be  considered  negligible 
in  comparison  to  the  reproducibility  obtained  on  the  three 
different  LANDSAT  images  given  in  Table  1®.  Table  2 lists  the 
number  of  pure  water  pixels,  P;  the  number  of  border  pixels, 

B50;  the  average  area  of  the  three  dates,  A3;  and  finally  the 
percent  error  which  was  taken  as  the  larger  of  either  the 
precision  or  the  accuracy  of  the  mean  of  three  measurements. 

Only  in  area  6,  near  the  dam,  is  the  apparent  error  of  +10% 
significantly  greater  than  expected  error  based  on  the  progression 
from  +1%  at  500  hectares  to  ±5%  at  5 hectares.  The  reason  for  this 
apparent  error  near  the  dam  seems  to  be  that  the  planimetered 
area  on  the  USGS  map  did  not  include  the  settling  ponds  below 
the  dam  and  these  were  not  separated  out  in  calculating  areas 
from  the  lists  of  LANDSAT  images. 

An  area  conversion  factor,  C,  which  converts  pixel  courts 
into  area  is  required  in  all  methods.  For  LANDSAT,  it  has  a 
nominal  value  of  0.451  hectare/pixel,  or  1.12  acre/pixel. 

This  assumes  that  every  pixel  in  every  image  is  exactly  the 
same  57m  by  79m  nominal  size.  When  the  location  of  the  water 
body  in  the  image  is  known,  corrections  can  be  made  for  the 
uneven  scan  rate  of  the  satellite  mirror  across  the  scene 
and  for  the  height  of  the  satellite  on  different  dates. 

R.  Peterson'  calculated  the  values  of  C for  SCR  for  the  three 
dates  ui'ed  in  this  study;  they  were  0.463,  0.459,  and  0.459 
hectare/ pixel . In  order  to  reduce  these  known  systematic 
errors  due  to  mirror  velocity  profile  and  different  satellite 
heights,  these  values  of  C were  used  here  even  though  there 
were  not  enough  larger  areas  to  determine  the  extent  to  which 
th*>  conversion  factors  may  have  improved  accuracy  over  the 
r.  . 'al  value. 

Reproducibility  decreases  with  decreasing  size,  as  illustrat- 
ed by  the  percent  standard  deviations  A a single  measurement  in 
Table  3.  The  comparison  of  pure  and  mixed  pixel  methods  shows  that 
the  mixed  method  is  always  more  precise.  The  random  error  in  the 


®The  thrfe  LANDSAT  images  used  for  this  area  study  were:  1692- 
15124  ''..5  June  1974),  1710-15120  (3  July  1974)  and  1782-15092 
(13  S_-pternber  1974)  . 

^R.  Peterson,  "Landsat  Pixel  Spacing-User  Demonstration  Projects 
Technique  Report,"  preliminary  General  Electric  Co.  Report, 

27  May  1975. 
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estimated  area  could  be  reduced  further  by  taking  the  mean 
of  several  measurements. 

Accuracy  also  decreases  with  decreasing  size,  although  this 
is  not  so  obvious  in  Table  4 because  of  the  fortuitously  close 
agreement  of  the  mean  of  three  dates  for  the  smallest  area  when 
compared  to  the  planimetered  area  from  the  1:24,000  scale  USGS 
map.  The  pure  pixel  method,  Al,  which  makes  no  correction  for 
border  pixels,  always  underestimates  the  area.  However,  by 
estimating  the  border  pixels  from  the  number  of  pure  pixels, 
pure  pixel  method  A2  can  be  as  accurate  as  the  mixed  pixel  method 
for  areas  greater  than  about  20  hectares.  If  water  areas 
smaller  than  this  size  are  to  be  measured,  then  a mixed  pixel 
method  such  as  A3  must  be  used.  Observed  averages  of  the  three 
dates  and  expected  areas  from  the  USGS  map  differed  by  less  than 
the  measured  precision.  There  were  no  systematic  deviations. 
Therefore  it  was  concluded  that  the  accuracy  of  a LANDSAT 
area  measurement  of  water  was  limited  solely  by  its  precision. 

The  smallest  area  of  water  that  can  be  measured  by  LAN'DSAT 
depends  on  the  required  precision.  If  one  is  talking  about  the 
ability  to  reproducibly  identify  the  existence  of  a water  body 
on  every  LANDSAT  overpass,  and  if  a pixel  with  about  30%  water  in 
it  can  be  spectrally  distinguished  from  land,  then  the  minimum 
size  for  ai  identifiable  bocfy  of  water  is  approximately  0.5  iiectare  (1  acre). 

If  one  is  carparing  water  areas  for  the  sarse  bocfy  cn  tw  differait  dates  and 
looking  for  the  smallest  observable  change  at  the  95%  level  of  ocnfidence 
(±  2 standard  deviations) , then  the  precision  depaids  cn  the  size  of  the  bocfy; 
e.g.  two  times  ±8%  at  5 hectares  is  ±0.9  hecrtare  (±2  acres) , vhereas  tiiro  times 
±1%  at  500  hectares  is  ±10  hectares  (±25  acres).  For  sene  purposes  tJie 
measurenent  of  area  might  be  useless  unless  it  aentained  at  least  cne  "all 
water"  pixel  on  every  overpass,  in  \diich  case  the  minirnin  sized  area  was 
shewn  to  be  about  2.5  hectares  (6  acres).  Above  these  laver  limits,  a user's 
required  precision  determines  the  smallest  measurable  boefy  of  v;ater. 

Since  tlie  mixed  pixel  method  A3  was  the  most  precise,  two  alternate 
techniques  fca:  calculating  it  \«re  explored.  One  used  a threshold  classifier. 
Hie  other  used  a cxntouring  program.  Botli  are  theoretically  identical  to 
counting  pixels  fren  a cenputer  list  such  as  Figure  6,  and  tlierefore  users 
can  decide  for  themselves  wiiich  tedinique  is  most  convenient. 

G.L. 's  lr.iage-100  was  used  to  test  the  interactive  threshold  classifer. 

IVro  separate  sets  of  threshold  limits  for  f1SS-7  ivere  used  as  input  to  cfcfine 
the  class  bounds  of  pure  water  pixels  and  pixels  with  up  to  a certain 
percent  water,  taken  as  50%  in  method  A3.  Hien  a polygon  cursor  was  drawn 
around  the  area  to  be  measured.  Output  was  product  as  an  alphanumeric 
list  of  tl'^e  two  classes,  similar  to  Figure  6,  and  two  nunbers  irere  produced 
giving  tlie  total  mirber  of  pixels  in  the  two  separate  themes,  pure  and 
mixed  pixels.  A dieck  of  several  areas  cn  the  alfhan'jmeric  list  for  a 
single  date  verified  the  agreement  of  this  technique  and  the  caiputer  technique 
used  for  Figure  6. 

Contouring  was  done  with  an  IBf4  3fa0  Cenputer  and  a CALCOtlP  plotter.  This 
technique  requires  that  the  final  plot  have  the  correct  aspect  ratio  so  that 
the  area  can  be  measured  by  planinetering  tiie  band  7 centour  line  corresponding 
to  50%  water,  oudi  a contour  map  of  r-ISS-7  for  SCR  is  shown  in  Figure  7.  A 
oentour  map  for  water  has  several  distinctive  features.  It  requires  no 
interaction  with  the  user  other  than  the  choice  of  reflectance  values  for 
contour  lines  and  tlierefore  is  relatively  fast.  Contouring  nrograr  • cure 
available  cn  most  general  purpose  ocn(  uters  as  v«ll  as  on  sevei  al  r ill 
stand-alone  devices.  Centour  lines,  like  classifiers,  emphasize  cr  tain 
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features  and  otait  extraneous  inforriaticn.  A contour  map  is  an  analog 
product  viiidi  the  knowledgeable  user  night  be  able  to  scan  for  subtle  bomdary 
changes  without  further  processing;  Figures  7 and  3 can  be  used  to  cdipare 
analog  and  digiteil  presentations  of  baid  7 reflectzince  values.  precision 
of  calculating  areas  from  contour  naps  v;as  not  evaluated  here. 

An  exanple  of  a water  inventory  r.i^  is  shown  in  Figure  8.  It  was 
pr^>ared  cn  an  Image-100  classifier  and  printed  as  a black  and  vW.te  product 
on  a DICDtlED  photogrefihic  recorder.  Che  potential  use  of  tJus  map  is  to 
monitor  the  creation  of  new  bodies  of  water;  e.g.  the  three  pronged  lal;e  in 
the  oeiiter  of  the  picture  is  a new  feature  tiiat  is  not  on  existing  m^js  of 
the  area. 

In  simmary,  individual  water  areas  can  be  measured  frcn  litfJDBAS'  v/ith  ai 
accuracy  that  decreases  from  ±1%  at  500  hectares  to  ±8%  at  5 hectares, 

Assuaing  that  pixels  with  more  thai  30%  water  can  be  identified  from  loii? 

MSS-7  reflectance  values,  total  area  measurements  will  be  more  accurate 
than  single  bod^  measurements  if  most  of  the  water  is  contained  in  a few 
large  bo^es  v/nich  have  relatively  few  border  pixels.  Furtiiermore,  random 
errors  in  the  calculation  of  the  areas  of  each  single  boc^,  caused  by  the 
incliosion  of  too  many  or  too  fes,v  mixed  pixels,  will  cancel  out  vAioi  all 
single  body  areas  are  sijiined  into  one  total  area  measurement.  The  absence 
of  observable  systematic  errors  suggest  that  water  inventory  n^js  from 
LAilDSAT  within  some  political  or  physical  region  might  be  accurate  to  ±1% 
in  identifying  the  total  area  of  open  water.  Although  mixed  pixel  methods 
were  more  accurate  than  pure  pixel  methods,  for  some  ^plications  pure  pixel 
methods  rai^t  be  adequate  for  areas  above  20  hectares  vhen  a theoreticcil 
correction  for  border  pixels  is  made. 

DIRECT  MONITORING  OF  VIATER  QUALITY 

Ideally,  VS5CB  would  like  to  mcmtor  water  quality  directly  with  a 
sufficiei'tly  fast  tum-around  time  to  permit  corrective  action  to  be  taken 
vhenever  possible.  Detectors  on  lA^DSM'  were  round  to  record  reflectances 
\^ich  sinewed  an  inverse  correlation  with  the  depth  one  oould  see  into  the 
water  (Secchi  depth)  and  an  appiarent  direct  correlation  with  total  solids. 

Since  cloud-free  LANDSAT  coverage  in  Virginia  occurred  about  onoe  every  2 
menths,  the  utility  of  these  correlations  with  turbidity  appears  to  be  pri- 
marily for  monitoring  changing  water  patterns  and  verifying  tlie  statistical 
^propriateness  of  ground-based  sarpling  programs,  rather  than  for  monitoring 
water  qucility.  This  direct  type  of  r^note  sensing  infomaticn  might  permit 
more  extensive  monitoring  of  slowly  changing  v;ater  bodies  than  current 
limited  budgets  for  field  work  permit. 

Swift  CreeK  Reservoir  was  the  desired  demonstration  site  fci  testing 
lANDSAT's  capabilities  because  of  forthcoming  ccnstructicn  there.  However, 
inspection  of  about  10  LANDSAT  images  taken  over  a two  year  period  indicated 
relatively  little  within-image  variation  in  reflectance  values  for  any  of 
the  bands  in  the  main  portion  of  this  reservoir.  "Iherefore,  Lake  Chesedn 
Reservoir  was  added  to  the  project  because  it  tended  to  show  much  greater 
changes  in  reflectance  values  along  its  lengtli. 

Initial  attempts  to  identify  different  types  of  water  by  using  all  four 
bands  proved  unnecessary  for  these  two  reservoirs.  Using  values  averaged  over 
six  lines  to  rerrove  differences  in  reflectance  due  to  unequal  sensor  calibration, 
locaticns  in  both  SCR  and  LCR  shewed  correlations  ameng  bands  4,  5,  and  6 cn  all 
seven  cloud  free  LANDSAT  images  that  were  analyzed  in  detail.  For  the  13  Sept 
74  image,  the  range  of  MSS-5  reflectance  v/as  arbitrarily  sliced  into  seven 
approxiinately  equal  sections  and  the  limits  of  each  of  these  were  used  as 
threshold  inputs  to  form  classes  on  G.E.'s  Image-100.  Then,  the  mean  values 
of  the  otlier  three  bands  v;ere  calculated  for  each  of  the  7 classes.  Ihe 
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resulting  band  oorrelations  are  shawn  in  Figure  9.  Iliere  was  a 99%  linear 
correlation  among  bands  4,5,  and  6.  Qily  M5S-5,  which  showed  tlie  largest 
range  of  the  three,  was  used  in  subseguait  classificaticn  wctdc  on  these  two 
reservoirs. 

It  seeras  likely  that  only  one  water  quality  parameter,  such  as 
turbidity,  is  causing  all  the  observed  changes  in  reflectances.  Reflectances 
fran  bands  4,  5,  aid  6 are  nearly  perfectly  correlated  in  1X31,  If  reflectances 
were  being  increased  or  decreased  by  m e than  one  agent,  it  is  unlikely 
that  the  proporticnad  changes  would  be  Uie  same  in  all  three  bands. 

13  Sept  74  was  the  LAND6AT  image  date  chosen  for  making  a water 
classification  because  it  was  the  only  cloud-free  date  available  for 
vdiich  significant  grcxnd  truth  was  <»lle<±ed  in  1X31.  A map  of  the 
seven  band-5  level-sliced  classes  for  the  region  SN  of  Richnend  is  given  in 
Figure  10.  The  water  in  SCR  is  essentiadly  in  cne  class,  except  for  sane 
striping  due  to  unec}ual  soiscr  caLLibration  oi  the  satellite.  Figure  11  is 
a blown-tp  portion  of  Figure  10  showing  only  LCR.  Water  of  the  same  low 
reflecteBicE  as  SCR  can  be  seai  in  the  southwest  peurt  of  LCR.  This  low 
reflect^oe  region  had  been  noted  on  many  previous  images  and  pesrscnnel  at 
VSWCB  were  unaware  that  two  types  of  water  existed  in  this  part  of  LCR. 

It  turned  exit  that  this  was  the  plaoe  vhere  Naroozine  Creek  altered  LCR,  as 
seen  in  a U-2  photogra^  (Figure  12) . The  narrow  flow  of  water  mder  a 
smadl  bridge  produced  a dramatic  low  reflectance  water  class  coming  into  the 
hi^ly  reflechant  sedimait-laden  water  of  Lake  Chesdin.  Figure  13  shows 
vhat  this  interface  looked  like  frem  a VSWCB  boat  on  13  S^t  74.  Another 
smadl  tributary  of  low  reflecting  water  entering  LCR  can  be  seal  in  Figure  11 
to  the  east.  This  is  i'liippcncxic  Creek.  As  a result  of  tiiese  observations 
from  a water  sampling  program  has  been  preposed  for  VSWCB  based 

cn  the  locations  of  different  types  of  water.  It  is  paurticijdarly  valuable 
for  VSWCB  to  have  information  on  the  far  western  aid  of  LCR  from  LMIDSM' 
since  this  area  is  almost  inaccessible  by  boat. 

Having  established  that  different  types  of  water  oould  be  directly 
observed  from  UNDSAT,  the  question  became  one  of  trying  to  identify  the 
Wetter  quality  parameter  most  likely  responsible  for  the  changes  in 
reflectance.  For  more  than  a year,  extensive  water  quality  measuiements 
were  made  on  water  sarples  frcin  SCR.  However,  since  differences  in  lANDSAT 
reflectances  were  not  observed  in  the  main  porticn  of  SCR,  no  oonclusion 
could  be  drawn  exo^jt  that  observed  variations  in  water  quality  were  small 
and  below  the  limit  of  detection  fran  LflNDSAT. 

Secchi  depth  measurements  taken  by  I'lASA  and  VSWCB  personnel  in  LCR 
on  13  Sept  74  provided  <±e  first  and  only  set  of  data  vrfiere  there  was 
significant  variation  in  both  the  LANDSAT  and  ground  data  to  ched:  for  a 
possible  correlation.  Figure  14  shows  the  98%  inverse  correlation  of: 

Reflectance  = 32.1  - 0.22  Secchi  (Ek^uation  5) 

If  cne  thinks  in  terms  of  using  this  as  a calibraticn  curve  for  estimating 
Secchi  depths  in  other  parts  of  the  m^,  then  the  equation  can  be  rearranged 
to  make  reflectance  in  ^eS-5  the  independent  variable: 

Secchi  =•  143.5  - 4.41  reflectance  (EkTuaticn  6) 

Sixteen  individual  Secchi  measurements  were  made,  but  the  average  Secchi 
value  was  used  in  each  class  to  calculate  Bquatiens  5 and  6,  in  order  to  give 
equal  statistical  weight  to  all  reflectances  and  not  to  bias  the  eejuation 
in  favor  of  the  area  in  vhicli  most  of  the  data  was  taken.  Furthermore, 
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the  use  of  only  four  numbers  en^hasizes  the  lade  of  data  at  low  reflectaioes 
here  and  therefore  the  need  to  treat  these  equations  as  illustrative  rather 
then  definitive. 

Three  sataples  of  water  fciere  also  taken  frem  LCTfl  on  13  Sept  74,  Laboratory 
measurements  were  node  for  the  “volatile"  (organic)  and  "fixed"  (inorganic) 
fraK^ions  of  both  the  "total  solids"  and  the  "suspended  solids"  content  of 
samples.  Heflectanoe  is  generally  oonsidered  as  being  correlated  with 
su^jended  solids;  however,  in  LCR  the  particulate  matter  was  nearly  colloidal 
and  90%  of  total  solids  passed  throu^t  the  standard  filter  used  for  the 
suspended  solids.  There  was  an  approximately  equal  contribution  fran  the 
volattile  and  fixed  frcK±icn  of  the  total  solids  and  no  correlation  was 
found  between  the  sum  of  the  two  fr^K:±ions,  namely  the  "total  solids"  and 
tlSS-5. 


Ihe  three  vedues  for  total  solids  were  78,  82,  and  92  mg/1, 
where  the  respective  average  gray  level  intaisities  for  M5S-5  reflectance 
were  11.5,  21.5,  and  25.8.  This  gives  an  89%  coefficient  of  correlation  for; 

Ttatal  Solids  = 66.8  + .88  reflectance  (fiquation  7) 

It  nust  be  recognized  that  the  toted,  solids  data,  while  perhaps  more 
fundamental,  is  less  statisticed.ly  significant  than  the  Secchi  d^Xh  data 
because  the  former  is  based  on  only  three  water  sanples. 

In  sunmary,  UND6AT  reflectances  frem  water  in  the  visible  (MSS-4  and 
I'lSS-S)  and  near-infrared  (MSS-6)  spectrad.  bands  were  shown  to  be  spectrailly 
and  spatially  coinrent  for  both  SCR  and  LCR,  vhich  is  larger,  narrower, 
and  has  a ten  times  greater  flow  rate  than  SCR,  due  to  ir^t  from  the 
i^jponatOK  River.  Maps  of  differait  refle<±anoes  in  water  could  be  derived 
using  only  MSS-5  values  for  these  two  reservoixs  since  it  appeared  that  only 
total  solids  content  was  changing  reflectanoes.  The  high  correlation  of  Secchi 
depth  and  MSS-5  in  ICR  may  be  due  to  Secchi  depth  measuuenents  being  dependent 
on  totad.  solids.  Since  both  the  size  and  type  of  particle  affects  reflectance, 
it  is  expected  that  calibration  equations  of  LflNDSAT  reflectance  and  a water 
quality  parameter  will  be  necessary  for  each  regicn  which  supplies  different 
organic  and  inorganic  materiad.s  from  its  watershed.  For  ICR  it  was  possible 
to  distinguish  classes  of  water  from  UNDSM’  imagery  vhich  differed  by  about 
Son  at  the  most  sediina:\t-laden  and  reflective  Secchi  depths.  Direct  mcnitoring 
of  water  quality  frem  LflNDSKT  seems  to  be  most  useful  for  observing  changes  in 
water  patterns  and  devising  and  verifying  water  sampling  programs. 

INDIRECT  MCNITDRING  - LAND  CDVEIR 

Periraps  the  greatesi-  potential  contribution  of  LANDSAT  to  a water  quality 
monitoring  program  is  through  indirect  interjaretation,  by  detecting  changes 
i.“.  land  cover  in  a watershed.  Surface  adterations,  such  as  deforestaticn  or 
increase  in  agricultural  use,  may  cause  vjater  quality  changes  due  to  increased 
runoff,  pollutant  input  and  other  factors.  The  purpose  of  tlris  section  is  to 
demonstrate  both  qualitative  and  quantitative  means  of  monitoring  land  cover 
with  lANDSAT. 
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Che  digital  product  tliat  can  be  prepared  fron  LflNDSAT  CCT's  is  a cjolor 
cciTfJOsite  of  a subsection  of  the  vdxjle  185  tan  by  165  km  image.  Figure  15 
is  a picture  of  the  30  km  by  30  km  area  surrounding  SCR.  It  was  prepared 
on  a DICXKCD  printer.  Geometric  oorrecticns  were  made  to  the  picture  cxi 
GE's  Image- 100  and  an  Ittl  360  computer  to  correct  for  rotation  of  the  Earth 
during  satellite  c^rerpass  (skew  oorrection)  and  for  the  rectangular  shape 
of  pixels  (aspect  ratio  oorrection).  Without  further  processing,  this 
picture  can  be  scanned  by  people  familiar  with  the  area  to  see  if  then? 
have  beoi  any  major  dranges  in  Iccid  cover.  For  the  knowledgeable  expert, 
this  picture  provides  i.xjre  information  than  a classed  image. 

If  it  is  necessary  to  quantify  the  extant  of  change  in  land  cover, 
rather  tlian  siirply  idantify  that  a change  has  occurred,  then  ic  is  necessary 
to  classify  the  image.  This  was  done  in  several  ways,  one  of  which  was 
using  tine  normal  threshold  classifier  on  G.E.'s  Image-100.  Cne  of  tlie  steps 
was  to  limit  the  area  being  classed  on  the  LANDSAT  image  to  tine  acreage  inside 
the  Swift  Creek  Iteservoir  watershed,  shown  in  Figure  16.  Hie  resulting  classi- 
ficaticm  maps  for  15  June  7^1  and  13  S^t  74  are  given  in  Figures  17  and  18, 

A check  on  tlie  accuracy  of  the  classification  was  made  by  visually 
classifying  a U-2  photograpii  and  checking  the  above  classifications  pixel-by- 
pixelvith  a zocxii-tramfer  scc^  in  5 sites  that  wei.e  loiown  to  be  unchanged. 

The  results  of  these  two  checks  are  given  in  Tables  5 and  6.  Hie  thin 
cloud  cover  cn  15  Jun  resulted  in  14%  of  the  pixels  being  unclassed  whereas 
cnly  5%  were  unclassed  on  the  13  S^t  inage.  Clouds  also  interfered  with 
the  identification  of  all  agricultural  land  on  15  Jime.  Ihis  watershed  is 
cdxnt  70%  forest  and  it  was  inpossible  to  find  large  homogeneous  training 
sites  for  the  non-fcsrest  classes  ai  either  date.  Therefore  these  classes 
have  a lower  value  in  the  accuracy  taiale. 

The  overall  results  for  the  two  dates  have  been  suimarized  in  Table  7. 

The  "agriculture"  class  includes  pixels  which  are  mixtures  of  forest  and 
open  areas  cleared  for  oonstructicn. 

The  area  of  the  Brandermill  ocnstructicn  site  inside  the  watershed  can 
be  seen  as  the  ncn-forest  area  north  of  the  reservoir  in  the  13  Sept  74  classed 
image  (Fig’ure  18) . Oie  of  tlie  vhite  "barroi"  class  pixels  near  the  water  \^as 
identified  in  a low  altitude  aircraft  photograph  as  ccntaininq  several  piles 
of  white  sand  for  a golf  course. 

In  sutmary,  changes  in  land  cover  classes  can  be  mcnitored  frcm  LANDSAT. 
Useful  integration  of  this  information  into  predictions  of  changes  in  water 
quality  is  probably  several  years  off  and  must  await  the  development  of 
quantitative  models  for  the  watershed.  In  the  meantime,  such  maps  and  tables 
can  alert  personnel  such  as  the  VSliCB  to  possible  changes  in  water  quality. 

The  observation  of  the  Brandermill  site  before  and  after  the  start  of 
oonstructicn  illustrates  the  ability  of  LANDSAT  to  not  only  produce  land 
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cover  maps,  but  to  monitor  changes  in  land  cover. 
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TABLE  1 REPRODUCIBILITY  OF  MEASUREMENTS  FROM  LANDSAT 


AREAS  OF  WATER  (in  Hectares) 

LOCATION 

uses 

MAP 

LANDSAT 

JUNE 

*74 

JULY 

*74 

SEPT 

*74 

5 

464.7 

476.2 

463.0 

469.6 

3 

75.2 

78.4 

73.0 

77.2 

6 

30.8 

33.5 

34.0 

33.8 

2 

25.5 

24.8 

23.4 

25.9 

4 

22.1 

22.2 

21.6 

22.7 

1 

10.9 

11.1 

9.4 

10.2 

7 

5.5 

5.0 

5.5 

5.9 

TABLE  2 ACCURACY  OF  AVERAGED  AREA  MEASUREMENTS  FROM  LANDSAT 


AREAS  OF  WATER 

LOCATION 

USGS 

MAP 

LANDSAT 

AREA 

Hectares 

WATER 

Pixels 

BORDER 

Pixels 

AREA 

Hectares 

— 

ERROR 

% 

5 

464.7 

902 

118 

469.6 

± 1 

3 

75.2 

117 

49 

76.2 

± 2 

6 

(30.8) 

53 

20 

33.8 

±10 

2 

25.5 

30 

24 

24.7 

± 3 

4 

22.1 

31 

17 

22.2 

± 2 

1 

10.9 

2 

17 

10.2 

± 5 

7 

5.47 

1 

11 

5.5 

± 5 

TABLE  3 REPRODUCIBILITY  OF  AREA  MEASUBIMENTS 


Percent  Precision  (by  size) 

Method 

at 

at 

at 

500 

25 

5 

hectares 

hectares 

hectares 

Pure  Pixel 

+ 3% 

+ 8!? 

— 

Mixed  Pixel 

+ 1% 

+ 6% 

TABLE  It  ACCURACY  OF  AREA  MEASUREMENTS 


Percent 

Deviation  (by  size) 

Method 

at 

500 

hectares 

at 

25 

hectares 

at 

5 

hectares 

Pure  Pixel,  A1 

-10^ 

~ko% 

-90% 

Pure  Pixel,  A2 

+ 1$ 

+ 2% 

-60% 

Mixed  Pixel,  A3 

+ 1% 

- 2% 

{*.!%) 
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PERCENT  ACCURACY  OF  CLASSIFICATION 


JUNE  74  LANDSAT-1 


WAT  W/L  PIN  HDW  AGR  BAR  RES  UNCI  MIS- 

CLSD 


EB  3 MOMTHS 


PERCENT  ACCURACY  OFCLASSIFICATION 


SIPT  74  IANDSAT-! 


WAT  W/L  PIN  HDW  AGR  BAR  RES  UNCL 


3 0 

17 

0 ® 


0 G 

1 1 


0 11 


TABLE  7 COMPARISON  OF  LAND  COVER  CLASSES  FOR  SWIFT  CREEK  RESERVOIR  AND 

BRANDERMILL  CONSTRUCTION  SITE 


LAND  COVER  CLASSES  IN  PERCENT 


18,000  HECTARE 
BASIN 

740  HECTARE 
CONSTRUCTION  SITE 

JUNE 

SEPT 

JUNE 

SEPT 

PINE 

38 

38 

65 

51 

HARDWOOD 

33 

35 

16 

17 

AGRICULTURE 

9 

15 

4 

18 

RESIDENTIAL 

2 

4 

1 

BARREN 

1 

0 

0 

1 

UNCUSSED 

14 

5 

10 

6 

WATER 

3 

3 

4 

5 

iil 


Fi^-  Processiiif  of 
13  SEP  -m  Blow 

% 

* i * 


■/ 


.3  Km 


LANDSAT  Image 
Up  of  MSS-7 


Figwre  h,~  U-2  photograph  taken  'it  60,000  feet.  Locations  of  ? sections  of 
Swift  Creek  Heserwoir,  used  in  checking  precision  and  accuracy  of  area 
aeaaiiresents  frojr  LASK5AT , are  shown  in  Figure  5 and  6. 
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Figure  5.-  Low  altitui 
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{•CS-7  reflectance  valties  of  Swift  Creek  Reservoir 
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BAND  CORRELATIONS 
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Figure  9.-  eorrelation  of  LAIiDSAT  reflectances  ft*o»  vater  in  different  bands 
on  13  Sept  7^  in  Swift  Creek  and  Lake  Chesdin  Reservoirs, 
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THE  LANOSAT-1  NULTISPECTRAL  SCANNER  AS  A TOOL 
IN  THE  CLASSIFICATION  OF  INLAND  LAKES 


E-11 


^ 0.  H.  ?.  Boland,  Eutrophlcatlcm  Survey  Brmch,  U.S.  Envlronnental 
Protection  ^ency,  Corvallis,  Ore^,  and  Richard  •).  Blacbtell,  itet 
Propulsion  Laboratory,  Pasadena,  California 

MSTMCT  N76-1.7495 

This  study  has  focused  on  relationships  between  LANOSAT-1  mltlspectral  scanner  (MSS) 
data  and  the  trophic  status  of  a group  of  lakes  located  In  the  north-northeastern  part  of 
the  United  States.  MSS  <tota  were  used  to  predict  the  Magnitudes  of  two  trophic  state 
Imllcators,  estinate  lake  position  on  a nuUlvarlate  trophic  scale,  and  autonatically 
classify  lakes  according  to  their  tn^ihlc  state. 

Initially,  principal  coniMMMnt  ordination  was  employed  to  ascertain  the  trophic  state 
of  100  lakes  using  the  Indicators:  chlor^ihyll  con<hict1v1ty.  Inverse  of  Secchl  trans- 
parem:y,  total  phosphorus,  total  organic  nitron,  and  productivity  as  Measured  by  a stan- 
^rd  algal  assay  yield  test.  The  resultant  PCI  values  are  Indicative  of  the  lakes'  posl- 
t1m)s  on  a Multivariate  tro|Hi1c  scale. 

MSS  data  for  some  20  lakes  were  extracted  from  co^niter-co^tlble  tapes  (CCT's)  using 
a binary  marking  technique.  Output  was  In  the  form  of  <tescript1ve  statistics  and  photo- 
graphic omcatenatlons.  MSS  color  ratios  were  Incorporated  into  regression  models  for  the 
prediction  of  Secchl  disc  transparency,  chlorophyll  a,  and  lake  position  on  the  treble 
scale.  Lake  trophic  state-HSS  velationships  were  also  examined  using  three-dimensional 
color  ratio  models.  Automatic  ima^  processing  techniques  were  used  in  conjunction  with 
IBS  data  and  trophic  state  index  values  to  classify  each  lake  pixel-by-pixel . Classifica- 
tion products  inclu<ted  both  gray  scale  and  color-coded  photographic  prints. 

llie  study  results  indicate  that  the  LANOSAT-1  system,  although  handicapped  by  both  low 
spectral  and  spatial  resolution  as  well  as  excessive  cloud  cover,  can  be  used  as  a supple- 
mental data  source  in  l^<ke  survey  progr^.  The  sensor's  usefulness  is  most  apparent  when 
the  seasonal  contrasts  between  lakes  at  different  points  on  a trophic  scale  are  at  a 
maxinumi.  The  use  of  CCT's  along  with  digital  image  processing  techniques  is  essential  if 
r^ximiMi  benefits  are  to  be  derived  from  the  sensor. 


INTRODUCTION 


The  United  States  is  estimated  to  have  some  80,000-100,000  lakes.  Rational  management 
of  the  nation's  lacustrine  resource  necessitates,  as  a first  step,  an  assessment  of  each 
lake's  trophic  status.  Data  collection  for  the  determination  of  trophic  state  is  a costly, 
time-consuming  process,  especially  when  thousands  of  lakes  are  to  be  evaluated.  The  need 
exists  to  find  a method  of  rapidly  and  economically  assessing  the  trophic  condition  of  our 
lakes. 

Satellite-borne  sensors,  such  as  those  found  on  the  LAND  SATELLITE-1  (LANDSAT-1), 
merit  close  scrutiny  as  tools  with  the  potential  to  collect  data  relevant  to  lake  moni- 
toring and  survey  programs.  They  are  endowed  with  a synoptic  view,  yield  a time  record, 
and  expand  the  spectral  limits  of  the  human  eye.  The  successful  orbiting  of  LANDSAT-1 
and  LANDSAT-2  affords  the  opportunity  to  investigate  the  capabilities  of  one  type  of 
sensing  system.  This  paper  reports  the  progress  of  an  on-ooing  investigation  which  is 
examining  relationships  between  multispectral  scanner  (MSS)  data  and  the  trophic  state 
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of  lokes  In  Minnesota.  Wisconsin.  Michigan,  and  Nenf  York*  (Figure  1).  More  specifically, 
the  MSS  was  scrutinized  as  to  Its  capability  for  estlnatlng  lake  area,  predicting  two 
trophic  state  Indicators,  and  classifying  lakes  according  to  a grouml  truth-derived  trophic 
scale.  The  project,  a cooperative  effort  of  the  U.S.  EnvIrMwental  Protection  Agency's 
(EPA)  Pacific  Northwest  Environmental  Research  laboratory  and  the  National  Aeronautics 
and  Space  Adalnlstratlon's  (NASA)  Jet  Propulsion  Laboratory  (JPl)»  was  Initiated  In  early 
1973. 


BAr-KGROUNO 


Eutrophication  Survey  personnel  at  EPA's  Pacific  Northwest  Environmental  Research 
Latoratory  visually  exMliwd  lakes  on  MSS  Imagery  received  shortly  after  spacecraft 
laiMKh.  Tonal  different  were  noted  and  It  was  conjectured  the  differences  might  corre- 
late with  the  trophic  status  of  the  lakes.  While  tonal  varlatims  were  observed  for  lakes 
In  many  states  (e.£..  Florida.  South  Dakota.  Minnesota).  MSS  Scene  1017-16093.  recorded  at 
an  altItiKte  of  approximately  917  kilometers  over  southeastern  Wisconsin  and  northeastern 
Illinois  on  9 August  1977.  will  serve  to  Illustrate  this  point. 

Figure  2 Is  a reproduction  of  an  EROS  Data  Center  piwtograph  of  the  scene  as  reconted 
In  the  near-infrared  (11^;  WO  to  1.100  nanometers)  spectral  band.  Mater  bodies.  Including 
the  larger  stremas.  stand  out  boldly  against  the  lighter-toned  land  features.  The  labelled 
lakes,  excluding  Lake  Michigan,  were  saiq>1ed  by  EPA's  National  Eutrophication  Survey  (NES) 
during  the  1972  open-vater  season.  Gray  tone  differences  are  not  evident  among  the  lakes, 
nor  are  tonal  patterns  visible  on  any  of  the  lakes.  1R2  is,  however,  a good  spectral  band 
for  the  location  and  (temarcatlon  of  water  bodies.  Some  caution  is  necessary  when  comiuct- 
Ing  a lake  enumeration  on  the  photograph  because  some  of  the  "lakes"  are  In  real'^ty 
shadows  cast  by  cumulus  clouds. 

Figure  3 is  the  same  scene  recorded  In  near-infrared  (1R1;  700  to  800  nanometers). 

Tonal  differences  are  apparent;  at  least  on  the  original  photographic  print,  among  the 
lakes,  and  patterns  are  evident  on  some  of  the  lakes  (e.£..  Lake  Koshkonong).  Lakes  are 
readily  located  and  their  boundaries  delimited  In  this  band. 

Figure  4 is  a red  light  (RED;  600  to  700  nanometers)  MSS  photograph  of  the  scene. 

Marked  gray  tone  differences  are  apparent  among  the  lakes.  Lakes  commonly  recognized  as 
eutrophic  (e.£. , Lake  Como)  tend  to  appear  light  in  tone  and  meld  in  with  the  land  features. 
Lakes  with  relatively  good  water  quality  are  characterized  by  darker  tones. 

The  green  light  (CRN;  500  to  600  nanometers)  sensed  by  the  MSS  was  used  to  produce 
the  Figure  5 photograph.  Although  the  lakes  are  difficult  to  discern,  a result  of  low 
contrast  among  the  scene  elements,  differences  among  the  lakes  can  be  detected  with  the 
unaided  eye. 

It  is  apparent  from  the  visual  examination  of  MSS  scene  1017-16093  and  additional 
scenes  from  several  other  states  that  the  satellite-borne  MSS  is  collecting  data  which 
may  be  of  value  in  the  classification  and  nwnitoring  of  lentic  bodies.  The  examination 
results  suggest  that  WN,  RED,  and  IR1  contain  most  of  the  information  relating  to  the 
assessment  of  trophic  status. 


Lake  Color 


It  is  readily  apparent,  even  to  the  casual  observer,  particularly  if  he  or  she  is 
looking  downward  from  an  aircraft,  that  lakes  differ  in  color.  Many  investigations  have 

T!  The  geographic  scope  has  been  expanded  to  include  lakes  san^led  by  FPA's  National 
Eutrophication  Survey  in  the  Southeast  (1973),  West  (1974),  and  Far  West  (1975). 
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been  undertaken  to  develop  a comprehension  of  the  processes  which  result  In  the  observed 
phenomena  (ref.  1).  Scherz.  et  al_.  (ref.  2)  have  Investigated  the  total  reflectance 
(surface  reflectance  plus  volume  reflectance)  curves  of  pure  water  and  natural  waters 
under  laboratory  conditions  using  a spectrophotaneter.  They  reported  that  the  addition 
of  dissolved  oxygen,  nitrogen  gases,  and  salts  (e.£.,  NaCl,  Na2S0^)  had  no  apparent 
effect  on  the  reflection  curve.  However,  water  from  lakes  In  the  Madison  (Wisconsin) 
area  had  reflectance  curves  that  both  differed  from  the  distilled  water  curve  and  from  each 
other  (Figure  6).  The  lake  water  differences  can  be  attributed  to  the  presence  of  dif- 
ferent algal  organisms.  Filtration  of  the  lake  waters  produced  similar  reflectance  curves. 

The  color  of  a lake  Is  a function  of  the  electromagnetic  energy  backscattered  frwn 
the  lake  body  to  the  sensor.  Lake  color  ranges  from  the  blue  of  pure  water  through 
greenish  blue,  bluish  green,  pure  green,  yellowish  green,  greenish  yellow,  yellow,  yellow 
brown,  and  clear  brown.  Lake  color  need  not  be,  and  Is  usually  not  the  same  as,  the  color 
of  lake  water.  Lakes  which  are  blue  In  color  lack  appreciable  quantities  of  humic  mater- 
ials and  colored  material  In  suspension  (e.£.,  phytoplankton).  Waters  with  high  plankton 
content  possess  a characteristic  yellow-green  to  yellow  color. 

figure  7 depicts  the  spectral  reflectance  curve  for  chlorophyll -bearing  plants  (refs. 
3,  4,  5).  The  reflectance  of  the  chlorophyll -bearing  plants  varies  greatly  as  Illustrated, 
by  the  curve  with  an  abrupt  Increase  at  about  700  nanometers.  Although  the  water  tends 
to  attenuate  the  Infrared  energy  In  a relatively  short  distance,  the  magnitude  of  the 
plant  reflectance  in  the  near-infrared  should  make  It  possible  to  detect  chlorophyll  at  or 
near  the  water  surface.  However,  the  chlorophyll  signature  may  be  masked  by  other  mater- 
ials, for  example  suspended  sediments. 


Peripheral  Effects 


The  character  of  the  electromagnetic  energy  received  by  the  sensor.  In  this  case  the 
LANOSAT-1  MSS,  has  been  shaped  through  Interaction  with  numetous  environmental  phenomena. 
The  degree  of  scattering  and  absorption  Imposed  on  the  signal  returned  from  water  bodies 
Is  related  to  atmospheric  transmittance  and  can  result  in  changes  in  lake  color  when 
sensed  at  aircraft  and  satellite  altitudes  (ref.  6,  7).  The  magnitude  of  the  adverse 
atmospheric  effects  can  be  reduced,  though  not  completely  eliminated,  by  using  MSS  data 
collected  on  clear  days  with  little  cloud  cover.  The  use  of  MSS  color  ratios  In  lieu 
of  raw  data  values  may  be  of  value  In  reducing  the  magnitude  of  solar  angle  Induced 
effects  and  atmospheric  effects. 

Most  of  the  electromagnetic  energy  entering  a lake  is  attenuated  through  the  process 
of  absorption.  Although  only  a small  percentage  of  the  Incident  energy  is  backscattered 
from  the  lake  water  volume.  It  Is  the  focus  of  Interest  In  remote  sensing  of  water  quality. 
Its  spectra!  characteristics  have  been  shaped  by  the  materials  found  in  the  lake  water 
(e.£. , dissolved  and  suspended  materials,  plankton,  aquatic  macrophytes).  Lake  bottom 
cFaracteri sties  will  also  affect  the  intensity  and/or  the  spectrum  of  the  volume  reflec- 
tance in  settings  where  water  transparency  permits  the  reflection  of  a significant  amount 
of  energy  from  the  bottom  materials.  In  studies  Involving  the  estimation  of  water  depth 
or  the  mapping  of  bottom  features,  it  is  essential  that  the  lake  bottom  be  "seen"  by  the 
sensor.  Bottom  effects  are  capitalized  upon  and  put  to  a beneficial  use.  However,  in  this 
investigation  bottom  effects  are  considered  to  be  an  undesirable  peripheral  effect.  A 
sensor  with  the  capabilities  of  the  MSS  in  not  able  to  "see"  much  deeper  into  a lake  than 
secchi  disc  transparency  depth.  The  Secchi  transparencies  of  the  NES-sampled  lakes  were, 
in  most  cases,  relatively  small  when  compared  to  the  mean  depth  of  each  respective  lake. 

The  assumption  was  made  that  bottom  effect  was  relatively  insignificant  when  considering 
each  of  the  selected  lakes  as  an  entity. 
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Absolute  quantification  of  remotely  sensed  phenomena  requires  that  all  of  the  effects 
be  accounted  for  in  the  return  signal.  Although  the  approach  used  here  to  reduce  the 
magnitude  of  the  undesirable  peripheral  effects  might  be  criticized  as  simplistic  or  naive, 
it  does  serve  as  a starting  point  in  the  investigation  of  lake  color-trophic  state  rela- 
tionships using  satellite -borne  sensors. 


METHODS 


Lake  Ordination  Using  Principal  Component  Analysis 


One  hundred  lakes  sampled  during  the  1972  open-water  season  by  EPA's  National  Eutro- 
phication Survey  were  selected  for  the  develo|wient  of  a multivariate  trophic  state  index 
(ref.  8).  A careful  examination  of  the  physical,  chemical,  and  biological  parameters 
measured  by  NES  helicoptor-borne  scientists  resulted  in  the  selection  of  six  trophic 
indicators  for  incorporation  into  the  index,  namely:  chlorophyll  a,  (CHLA),  conductivity 
(COND),  total  phosphorus  (TPHOS),  total  organic  nitrogen  (TON),  Secchi  disc  transparency 
(SECCHI),  and  productivity  as  measured  by  a standardized  algal  assay  test  (AAY).  The 
inverse  of  Secchi  disc  transparent  (ISEC)  was  employed  so  that  all  of  the  indicators 
would  increase  as  trophic  status  increases.  The  six  indicators  were  selected  because 
they  are  quantitative,  considered  to  be  important  measures  of  trophic  state  and  satisfy 
Hooper's  (ref.  9)  criteria.  Annual  mean  values  for  CHLA,  TPHOS,  ISEC,  and  COND  were  used 
in  the  analysis.  AAY  and  TON  measurements  were  limited  to  the  fall  overturn  sample, 
precluding  the  use  of  an  annual  mean. 

Principal  components  analysis  may  be  used  to  reduce  the  dimensionality  of  a multi- 
variate system  by  representing  the  original  attributes  as  functions  of  a smaller  number 
of  uncorrelated  variates  which  are  linear  functions  of  the  attributes.  The  objective 
is  to  summarize  most  of  the  variance  in  the  system  with  a lesser  number  of  "artificial" 
variates  (i.e. , principal  components).  The  data  for  each  of  the  trophic  indicators  were 
transforrod  with  natural  logarithms  and  further  standardized  to  zero  mean  and  unit 
variance.  Following  the  development  of  the  normalized  eigenvectors  and  eigenvalues,  the 
first  principal  component  was  evaluated  for  each  of  the  100  lakes  under  study. 


Extraction  of  Lake  Data  from  Computer-Compatible  Tapes 


Transparencies  and  CCT's  for  12  different  dates  of  MSS  coverage  were  processed  to 
extract  pertinent  lake  data.  Data  extracted  from  transparencies  using  a microdensitometer 
contained  a lot  of  "noise"  and  the  approach,  although  initially  attractive,  was  dropped 
in  favor  of  using  the  CCT's.  The  processing  of  the  CCT's  was  accomplished  at  JPL's  Image 
Processing  Laboratory  (ref.  10,  11). 

Processing  commenced  with  a change  of  tape  format  and  expansion  of  the  data  to  8-bits 
of  precision  giving  256  (0-255)  digital  number  (DN)  levels.  Previous  testing  indicated 
that  the  LANDSAT-1  IR2  band  gives  a good  indication  of  surface  water  extent.  Water-related 
intensity  values  fall  toward  the  lower  end  of  the  DN  range.  A binary  mask  was  created  from 
the  IR2  data  by  setting  all  DN  values  at  or  below  a specific  numerical  value  to  a value  of 
1,  and  setting  all  other  values  to  0.  The  IR2  DN  level  of  28  was  selected  as  the  upper 
limit  for  water-related  features. 

The  binary  mask  was  upgraded  by  eliminating  all  of  the  lakes,  ponds,  streams,  and  any 
wetland  features  which  may  be  present,  leaving  just  the  lake  of  interest.  After  an  exami- 
nation of  a test  multiplication,  each  spatially  equivalent  picture  element  (pixel)  within 
each  MSS  band  (GRN,  RED,  IRl,  IR2)  was  multiplied  oy  the  mask,  thereby  extracting  the 
subject  lake  from  its  terrestrial  matrix.  Descriptive  statistics  were  then  generated 
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(e.£. , number  of  pixels,  mean  ON  for  each  band).  Lake  area  was  determined  from  pixel 
counts  using  the  conversion  factor:  1 pixel  = 0.47  hectares. 


Estimation  of  Trophic  Indicators  and  Trophic  State 


Ideally,  the  estimation  of  the  magnitude  of  trophic  state  indicators  should  be  done 
using  concurrent  data  to  derive  the  maximtmi  benefit.  However,  in  this  investigation,  it 
was  necessary  to  use  what  may  be  termed  "near-concurrent"  ground  truth  which  was  collected 
several  days  before  or  after  the  time  of  satellite  overflight.  Nevertheless,  models 
developed  from  such  a temporal  arrangement  are  of  some  value  in  demonstrating  general 
trends  existing  between  MSS  data  and  ground  truth. 

Although  attempts  were  made  to  estimate  trophic  indicators  for  other  dates  of  MSS 
coverage,  for  purposes  of  this  paper,  attention  will  focus  on  MSS  Scenes  1017-16091  and 
1017-16093  recorded  over  eastern  Wisconsin  on  9 August  1972.  These  scenes  were  selected 
on  the  basis  of  temporal  proximity  to  NES  ground  truth  sampling  dates,  the  high  quality 
of  the  MSS  data,  and  the  presence  of  a relatively  large  number  of  NES-sampled  lakes  (N  = 
20). 


The  areal  and  spectral  resolution  of  the  LANDSAT-1  MSS  should  permit  the  detection 
of  phenomena  related  to  eutrophication;  for  example,  Secchi  disc  transparency  and  chloro- 
phyll a^.  Initially,  an  R-mode  Pearson  product-moment  correlation  analysis  was  made  using 
MSS  data,  including  MSS  ratios,  and  the  recorded  Secchi  disc  and  chlorophyll  a values 
for  the  20  lakes  (Table  I).  Several  imjltiple  regression  models  were  developed  to  predict 
each  of  the  indicators  using  MSS  colors  and  color  ratios.  The  use  of  color  ratios  as 
independent  variables  had  appeal  because  this  approach  normalizes  the  MSS  data  by  remov- 
ing the  brightness  components. 

While  the  estimation  of  specific  trophic  indicators  is  of  value  in  studies  of  lake 
water  ■'uality,  the  question  arises,  "Can  a lake's  position  on  a trophic  scale  be  predicted 
using  I'jS  data?"  With  this  in  mind,  MSS  coverage  of  the  20  lakes  for  three  dates  (9  August 
1972,  11  June  1973,  17  July  1973)  were  examined  for  correlation  with  the  trophic  state 
index  (PCI)  values  of  the  lakes  (Table  II).  Multiple  regression  was  then  used  to  predict 
lake  position  on  the  scale  using  MSS  color  ratios  as  the  independent  variables. 

A less  rigorous  approach  to  the  study  of  PCI-MSS  relationships  was  undertaken  using 
three-dimensional  plots  of  the  MSS  color  ratios  6RNIR1 , 6RNRED,  and  REDIRl . 


Multispectral  Classification  of  Lakes  Using  Digital  Processing  Techniques 


Lake  classification  using  the  9 August  1972  MSS  data  and  the  trophic  state  index 
(PCI)  values  of  the  20  NES  lakes  was  attempted  using  the  maximum  likelihood  algorithm. 

The  classification  was  conducted  using  the  spectral  bands  6RN,  RED,  and  IRl;  the  IR2  band 
was  not  utilized  since  it  resulted  in  little  or  no  spectral  separation  of  classes.  The 
number  of  spectral  classes  was  set  by  establishing  one  class  for  each  different  PCI  value 
among  the  20  Wisconsin  lakes.  This  resulted  in  19  different  classes  (Table  III).  Butte 
des  Morts  and  Nagawicka  have  the  same  PCI  value  and  were  assigned  to  the  same  class. 
Statistical  samples  were  obtained  for  each  lake  as  belonging  to  a particular  class.  For 
example,  the  computer  was  trained  to  perceive  Beaver  Dam  Lake  as  belonging  to  Class  19. 
Each  pixel  in  the  20  lakes  was  then  classified  by  the  computer  into  one  of  the  19 
classes.  The  classification  results  were  put  out  in  the  form  of  descriptive  statistics 
and  both  black  and  white  and  color-coded  photographs. 


423 


RESULTS  AND  DISCUSSION 


Lake  Area  Estimation 


The  surface  areas  of  the  20  Wisconsin  lakes  for  9 August  1972  (Scenes  1017-16091 
and  1017-16093)  are  generally  within  10%  of  values  derived  from  U.S.G.S.  topographic 
sheets.  Adding  the  20  lake  map-derived  area  estimates  and  then  comparing  the  resultant 
value  with  the  composite  value  derived  from  MSS  data  resulted  in  a ratio  of  1.016:1.000. 

A visual  examination  of  area  ratio  for  lakes  in  other  MSS  scenes  indicated  that  the  MSS 
can  give  adequate  estimates  of  lake  surface  area  when  a ON  value  of  28  is  used  as  the 
“cutoff"  point  for  extracting  lakes  from  their  terrestrial  matrix.  The  area  estimation 
capabilities  of  the  MSS  are  of  value,  not  only  in  the  study  of  lakes  with  known  area 
but  also  in  geographic  regions  for  which  there  is  no  accurate  topographic  or  photographic 
coverage . 


Trophic  Indicators  and  Trophic  State 


Efforts  to  use  9 August  1972  MSS  color  ratios  for  the  prediction  of  mean  Secchi 
disc  transparency  resulted  in  a multiple  regression  model  which  explains  about  87  percent 
of  the  variance  about  the  mean  (ref.  1).  Although  the  number  of  observations  (N  = 20) 
is  rather  small,  the  results  suggest  that  the  MSS  scanner  can  be  used  to  predict  Secchi 
transparency. 

The  attempt  to  predict  mean  chlorophyll  a levels  in  the  same  lakes  resulted  in  a 
model  which  explains  about  83  percent  of  the  variance  about  the  mean.  The  model  does 
a fair  job  of  estimating  mean  chlorophyll  ^ levels  in  the  20  lakes.  Large  residuals 
are  evident,  primarily  in  the  cases  of  lakes  which  have  very  poor  water  quality. 

Regression  models  were  also  developed  to  predict  the  trophic  state  of  the  20  Wisconsin 
lakes  for  three  dates  of  MSS  coverage  (9  August  1972,  11  June  1973,  17  July  1973).  The 
coefficients  of  multiple  determination  (R^  x 1(X))  are  respectively  81  percent,  70  percent, 
and  81  percent.  Efforts  to  develop  a single  model  which  could  be  used  to  estimate  trophic 
state  for  each  of  the  MSS  sampling  dates  drew  negative  results.  Indeed,  the  use  of 
regression  techniques  for  the  12  different  dates  of  MSS  coverage  resulted  in  12  different 
models  for  the  prediction  of  trophic  state.  Models  constructed  using  MSS  data  collected 
early  in  the  open-water  season  were  generally  inadequate. 

A less  sophisticated  but  practical  approach  to  evaluating  relationships  between  MSS 
data  and  trophic  state  involves  the  visual  examination  of  MSS  data  in  light  of  a general 
knowledge  of  the  lakes  as  well  as  their  trophic  state  index  values  (PCI).  Although  this 
could  be  done  through  the  use  of  matrices,  the  use  of  a three-dimensional  color  ratio 
model  was  favored  because  it  is  very  conducive  to  pattern  detection  and  interpretation. 

The  color  ratio  model  for  9 August  1972  is  found  in  Figure  8.  The  numerals  inside 
a "ball"  are  the  lake's  serial  number  and  those  near  the  lake’s  name  represent  its  PCI 
value.  There  is  a very  definite  trend  for  the  color  ratios  to  increase  as  one  moves  from 
lakes  considered  to  be  located  near  the  eutrophic  end  of  the  scale  (e.£.,  Beaver  Dam) 
toward  those  situated  more  closely  toward  tne  oligotrophic  end  (e.^. , Green)^.  It 


2.  The  mean  IR1  DN  level  for  several  hypereutrophic  lakes  located  in  Minnesota  actually 
exceeded  their  mean  RED  DN  levels,  effectively  isolating  them  from  other  NES-sampled 
lakes  in  the  color  ratio  model  (Figure  9). 
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Is  unrealistic  to  expect  complete  agreement  between  the  position  of  the  lakes  In  the 
color  ratio  model  and  their  respective  PCI  values.  However,  assuming  that  the  PCI 
value  of  Middle  Lake  Is  representative  of  Its  trophic  state.  It  Is  "out  of  place" 
relative  to  the  other  lakes.  Its  color  ratio  coordinates  are  Indicative  of  a lake 
situated  more  closely  toward  the  eutrophic  end  of  the  trophic  scale.  Several  factors 
may  be  responsible  for  this  apparent  misclassificatlon.  The  sensor  may  very  well  be 
"seeing"  large  masses  of  aquatic  macrophytes  and/or  the  lake  bottom.  Middle  Lake  Is 
known  to  have  macrophyte  problems  and  extensive  shallows. 

The  11  June  1973  model  at  the  same  20  lakes  Is  shown  In  Figure  10  along  with  three 
other  lakes.  Many  of  the  lakes  have  shifted  their  position  significantly.  The  color 
ratio-trophic  state  index  relationships  so  evident  In  the  9 August  1972  model  are  not 
as  obvious. 

Figure  11  depicts  the  Wisconsin  lakes  in  a model  constructed  from  17  July  1973 
color  ratios.  Although  not  Identical  In  all  respects,  the  model  bears  a marked  resem- 
blance to  the  9 August  1972  model. 

An  examination  of  both  the  three-dimensional  color  ratio  models  and  their  associated 
regression  models  for  the  12  dates  of  coverage  suggested  that  the  utility  of  the  MSS  for 
the  estimation  of  trophic  state  is  dependent  to  a substantial  degree  upon  the  time  of  the 
year.  MSS  data  recorded  early  in  the  open-water  season  correlate  poorly  with  lake  PCI 
values;  the  correlations  are  better  in  the  case  of  MSS  data  recorded  later  In  the  growing 
season. 


Mul ti spectral -T rophi c Cl  ass i f 1 cation 


Many  of  the  data  processing  systems  which  automatically  classify  LANDSAT-1  MSS-sensed 
phenomena  can  output  the  reduced  data  in  the  form  of  both  descriptive  statistics  and  some 
sort  of  imagery.  If  the  classificatory  statistics  would  indicate  that  each  lake  is  homo- 
genous, the  analysis  could  stop  at  this  point.  However,  it  is  unlikely  to  find  a lake 
that  has  the  same  trophic  characteristics  throughout  its  areal  extent.  The  question 
arises,  "What  trophic -related  patterns  exist  in  each  lake?"  This  necessitates  the  develop- 
ment of  some  sort  of  imagery. 

Images  of  the  machine-classified  lakes  can  be  produced  in  the  form  of  line  printer 
copy  using  different  symbols  to  represent  the  various  trophic  classes  and  also  as  photo- 
graphic products.  The  photographic  approach  is  attractive  because  they  are  compact, 
easily  handled,  have  much  greater  resolution  than  line  printer  copy  of  equal  size,  and 
are  readily  interpretable,  particularly  when  in  color. 

The  multispectral  classification  results  for  the  20  Wisconsin  lakes  (9  August  1972) 
are  displayed  as  a color-coded  concatenation  (Figure  12).  Class  1 pixels,  represented  by 
black,  are  located  toward  the  eutrophic  end  of  the  trophic  scale  and  Class  19  pixels  (dark 
blue)  toward  the  oligotrophic  end.  It  would  be  incorrect  to  call  a Class  19  pixel  or  lake 
oligotrophic  because  none  of  the  Wisconsin  lakes  meet  the  criteria  normally  attributed  to 
oligotrophic  lakes.  The  pronounced  linear  features  in  Figure  12  are  an  artifact  introduced 
by  a defect  in  the  MSS. 

Differences  among  and  within  the  lakes  are  readily  apparent.  Some  of  the  lakes  (e.c[. , 
Kegonsa  and  Beaver  Dam)  present  a relatively  homogenous  appearance.  Others  (e.£.,  Winne- 
bago and  Poygan)  exhibit  a diversity  of  trophic  classes.  Some  of  the  lakes  have  features 
which  bear  mentioning. 

The  appendix-like  structure  which  appears  attached  to  the  northeast  quadrant  of 
Delavan  Lake  is  the  entry  point  of  Jackson  Creek,  the  lake's  major  tributary.  Its  waters. 
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known  to  be  nutrient  rich  through  contributions  from  sewage  treatment  plants  and 
agricultural  drainage,  have  been  placed  in  Class  1. 

In  this  study.  Lake  Tichigan  has  been  defined  to  include  the  lake  proper  and 
what  is  commonly  referred  to  as  the  "widening"  in  the  Fox  River.  The  lake  proper 
has  been  assigned  to  Class  5 and  the  "widening"  to  several  classes  including  1,  2, 
and  4.  Ground  truth  measurements  indicate  that  the  "widening"  has  a smaller  Secchi 
disc  transparency  and  a substantially  higher  chlorophyll  a level  than  the  lake  proper. 

The  Class  1 water  found  along  the  northern  shore  of  Lake  Pewaukee  may  be  related 
to  the  presence  of  algae  and  macrophytes.  The  neli copter-borne  survey  teams  reported 
algal  scum  covering  the  surface  of  the  northern  portion  of  the  lake.  Heavy  growths  of 
emergonts  covered  the  lake  shallows. 

The  appendix-like  portion  of  Green  Lake,  located  at  its  northeast  end,  is  the  area 
into  which  Silver  Creek  flows.  The  area  receives  a substantial  nutrient  load  from  a 
sewage  treatment  plant  and  the  surrounding  agricultural  lands.  Its  pixels  have  been 
classified  as  belonging  to  Class  1 and  Class  2. 

White  areas  within  the  lake  images  are  indicative  of  either  clouds  or  land-related 
phenomena.  The  white  area  in  the  northeastern  portion  of  Lake  Winnebago  represents  cloud 
cover.  The  north-south  oriented  linear  feature  located  in  the  eastern  end  of  Lake  Butte 
des  Morts  is  a roadway. 

Complete  accord  does  not  exist  between  the  trophic  index  values  of  the  20  lakes  and 
the  results  of  the  multi  spectral  classification.  The  disparity  is  very  evident  in  the 
cases  of  Lakes  Nagawicka,  Koshkonong,  and  Oconomowoc  where  few,  if  any,  pixels  were  found 
that  fell  into  the  class  for  which  the  lake  served  as  a training  area.  This  is  not 
surprising  because  there  was  an  indication  in  the  three-dimensional  color  ratio  model 
and  the  PCI  regression  model  for  9 August  1972  that  a disparity  existed  between  some  of 
the  lake  PCI  values  and  their  MSS  data. 

An  examination  of  the  9 August  1973  MSS  descriptive  statistics  for  the  20  lakes 
indicated  that  the  use  of  fewer  trophic  classes  would  yield  a classification  product 
more  in  tune  with  reality.  The  computer  was  retrained  as  indicated  in  Table  III  and 
the  lakes  were  then  reclassified.  The  revised  classification,  consisting  of  11  classes 
(Figure  13),  may  be  more  representative  of  lacustrine  trophic  state  than  the  19-class 
scheme . 


CONCLUSIONS 


The  LANDSAT-1  multispectral  scanner  is  collecting  data  which  can  be  incorporated 
into  lake  monitoring  and  survey  programs.  The  interim  results  reported  here  suggest 
that  MSS  color  ratios  can  be  used  to  predict  the  magnitude  of  selected  trophic  state 
indicators  and  a multivariate  trophic  state  index.  However,  the  accuracy  of  the  pre- 
dictions varies  considerably  from  date  to  date.  The  development  of  a trophic  state 
classification  employing  computer-generated  color-coded  photographs  should  aid  investi- 
gators in  classifying  large  numbers  of  lakes  both  rapidly  and  economically.  The  use  of 
CCT's  along  with  digital  image  processing  techniques  is  essential  if  maximum  benefits 
are  to  be  derived  from  the  sensor. 

It  appears  that  the  LANDSAT-1  MSS  has  the  capability  of  providing  supplemental 
data  relating  to  water  quality  in  inland  lakes.  Further  refinement  both  in  the  sensor 
and  the  data  processing  techniques  should  make  multispectral  imagery  collected  from 
space  platforms  a valued  tool  in  lake  survey  and  monitoring  activities. 
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TABLE  I CORRELATIONS  BETWEEN  GROUND  TRUTH  AND  LANDSAT-1  MSS 
DATA  (COLORS  AND  COLOR  RATIOS)  FOR  20  LAKES  IN  SCENES 
1017-16091  and  16093 


MSS  COLORS 
AND  RATIOS 

PCI 

CHLA 

LNCHLA 

SECCHI 

LNSECCHI 

GRN 

0.518 

0.812 

0.718 

-0.623 

-0.662 

RED 

0.722 

0.888 

0.860 

-0.788 

-0.857 

IR1 

0.807 

0.899 

0.886 

-0.741 

-0.866 

IR2 

0.589 

0.680 

0.696 

-0.492 

-0.542 

GRNRED 

-0.823 

-0.821 

-0.886 

0.865 

0.919 

GRNIR1 

-0.806 

-0.777 

-0.838 

0.685 

0.803 

GRNIR2 

-0.470 

-0.422 

-0.521 

0.357 

0.476 

REDIR1 

-0.544 

-0.476 

-0.505 

0.274 

0.430 

REDIR2 

-0.026 

0.028 

-0.017 

-0.156 

-0.042 

IR1IR2 

0.516 

0.522 

0.474 

-0.527 

-0.507 

TABLE  II  CORRELATIONS  BETWEEN  LANDSAT-1  MSS  DATA  (COLORS  AND 

COLOR  RATIOS)  COLLECTED  ON  THREE  DATES  AND  THE  TROPHIC 
STATUS  OF  20  WISCONSIN  LAKES 


MSS  COLORS 
AND  RATIOS 

DATE  OF  LANDSAT-1  FLYOVER 

9 AUGUST  1972 

11  JUNE  1973 

17  July  1973 

GRN 

0.518 

0.151 

0.479 

0.722 

0.533 

0.721 

IR1 

0.807 

0.512 

0.836 

IR2 

0.589 

0.174 

0.628 

GRNRED 

-0.823 

-0.712 

-0.749 

GRNIR1 

-0.820 

GRNIR2 

-0.485 

-0.422 

0.298 

0.109 

IR1IR2 

0.516 

0.445 

0.479 
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TABLE  III  LAKE  TROPHIC  STATE  INDEX  CLASS  ASSIGNMENTS  FOR 
THE  MULTISPECTRAL  CLASSIFICATION  TECHNIQUE 


LAKE  NAME 

SERIAL 

NUMBER 

PCI 

VALUE 

COMPUTER  TRAINED 
TO  RECOGNIZE  AS 
CLASS; 

COMPUTER  RETRAINED 
TO  RECOGNIZE  AS 
CLASS; 

Beaver  Dam 

53 

3.29 

1 

1 

Tichlgan 

63 

3.11 

2 

2 

Koshkonong 

56 

2.45 

3 

5 

Winnebago 

49 

2.36 

4 

3 

Delavan 

66 

2.03 

5 

4 

Poygan 

47 

1.68 

6 

s 

Kegonsa 

54 

1.48 

7 

5 

Butte  des  Morts 

48 

1.27 

8 

2 

Nagawicka 

61 

1.27 

8 

9 

Como 

67 

1.15 

9 

5 

Pewaukee 

62 

0.59 

10 

6 

Okauchee 

59 

-0.62 

11 

7 

Pine 

60 

-0.71 

12 

8 

Browns 

64 

-1.07 

13 

6 

Rock 

55 

-1.21 

14 

10 

Lac  la  Belle 

57 

-1.43 

15 

9 

Green 

51 

-1  .?7 

16 

10 

Geneva 

68 

-1.71 

17 

11 

Oconomowoc 

58 

-1 .82 

18 

10 

Middle 

65 

-2.29 

19 

8 
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Figure  1.  Location  of  the  study  lakes.  The  lakes  with  serial  numbers 

1-100  were  used  in  the  principal  component  ordination  analysis. 
The  lakes  in  east-southeastern  ’Jisconsin  serve  as  a focus  for 
this  paper. 


Figure  2.  ReproducUon  of  an  EROS  Data  Center  IR2  print  of  Scene 
1017-16093  (9  August  1972).  Water  bodies  stand  out  in 
stark  contrast  to  the  lighter-toned  land  features.  The 
labelled  lakes,  excluding  Lake  Michigan,  were  sampled 
by  the  National  Eutrophication  Survey  during  1972.  The 
photograph  covers  a distance  of  approximately  185  kilo- 
meters along  each  edge. 
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Figure  3.  Reproduction  of  EROS  IRl  print  of  Scene  1017-16093 
(9  August  1972).  Surface  patterns  are  evident  on 
some  of  the  lakes  (e.g_-»  take  Koshkonong) , Each 
edge  of  the  picture  is  equivalent  to  a ground  distance 
of  approximately  185  kilometers. 


Figure  4.  Reproduction  of  EROS  RED  («SS  Band  5)  print  of  Scene 

1017-16093  (9  August  1972).  Variations  in  gray  tone  are 
readily  apparent  among  the  lakes  and  suggest  differences 
in  water  quality.  Lake  Geneva,  characterized  by  rela- 
tively high  water  quality,  is  dark  in  tone  compared  with 
for  example,  eutrophic  Lake  Koshkonong.  The  small  ball- 
like  white  objects  between  Milwaukee  and  Chicago  are 
cumulus  clouds.  Each  edge  of  the  picture  is  equivalent 
to  1 ground  distance  of  approximately  185  kilometers. 


Figure  5.  Reproduction  of  EROS  GRN  {MSS  Bard  4)  print  of  Scene 
1017-16093  (9  August  1972).  Scenes  recorded  in  the 
green  band  generally  lack  contrast,  but  contain  infor- 
mation useful  in  monitoring  earth  resources. 
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Figure  6.  Reflection  characteristics  of  fiUered  and  unfiltered 
water  samples  from  two  Wisconsin  lakes  in  the  area  of 
Madison.  Adapted  from  Scherz,  et  aj_.  {ref.  2). 
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COLOR-H  V!B|6|Y10|R|  NIR 

WAVELENGTH  (NANOMETERS) 

Figure  7.  Comparison  of  the  reflectance  of  chloroohvll -containing  plants  with  the  attenuation 

length  of  sunlight  In  distilled  water.  From  Bressette  and  Lear  (ref.  5).  The  attenu- 
ation curve  is  based  on  Soiess  (ref.  6)  and  the  plant  reflectivity  curve  on  Katzoff 
(ref.  7). 
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Figure  8.  Three-dimensional  color  ratio  model  for  9 August  1972.  The  20  Wisconsin  lakes  were 
extracted  from  LANDSAT-1  MSS  Scenes  1017-16093  and  1017-16091 , The  scenes  are  in 
juxtaposition  on  the  same  flight  line.  The  numerals  inside  the  "balls'*  are  lake 
serial  numbers.  The  numerals  near  the  lake  names  represent  lake  position  on  a tro- 
phic scale.  Water  quality  decreases  as  the  trophic  index  increases  in  magnitude. 
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Figure  10.  Three-dimensional  color  ratio  model  for  11  June  1973.  The  23  Wisconsin  lakes  were 
extracted  from  LWiDSAT-1  MSS  Scene  1323-16100.  Three  of  the  lakes  (^tendota,  mnom 
and  Waubesa)  fall  outside  the  scope  of  the  investigation,  but  are  Included  because 
they  are  well-known  by  lake  scientists. 


1973.  The  20  Wisconsin  lakes  w 
ind  1359-16094. 


Figure  12.  A color-coded  concatenation  of  the  19-class  classification 
of  20  Wisconsin  lakes  (9  August  1972).  The  scale  labels 
merely  indicate  direction  on  the  trophic  scale. 
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. A color-coded  coticatenatlen  of  the  11-class  classification 
of  20  Wisconsin  lakes  (9  August  1972).  The  scale  labels 
merely  Indicate  direction  on  the  trophic  scale. 
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TROPHIC  STATUS  OF  INLAMD  LAKES  FROM  LANDSAT 


E-12 


By  Lawrence  T.  Fisher  and  Frank  L.  Scarpace,  Institute  for  Environmental  Studies, 
University  of  Wisconsin,  Madison,  Wisconsin 

ABSTRACT  N76-17496 

A cooperative  program  between  the  Wisconsin  Department  of  Natural  Resources  and  the 
University  of  Wisconsin's  Institute  for  Environmental  Studies  has  resulted  in  a first-cut 
assessment  of  the  trophic  status  of  inland  lakes  in  Wisconsin  from  LANDSAT  data.  To  satisfy 
the  criteria  of  the  project,  a large  and  versati>  computer  program  to  gain  access  to  LANDSAT 
data  was  developed.  This  analysis  technique  has  proven  to  be  a cost-effective  method  of 
classifying  inland  lakes  in  Wisconsin. 


INTRODUCTION 

The  Wisconsin  Department  of  Natural  Resources  (DNR)  is  required  to  classify  the  lakes 
in  the  state  as  to  their  trophic  level  in  response  to  the  federal  legislation  "Federal  Water 
Pollution  Control  Act  Amendments  of  1972,"  section  314. 

This  paper  describes  a cooperative  effort  between  DNR  and  the  University  of  Wisconsin's 
Institute  for  Environmental  Studies  (lES)  to  extract  LANDSAT  data  providing  a reasonable 
measure  of  trophic  status  in  a cost-effective  manner.  An  additional  result  has  been  the 
design  of  a highly  versatile  interactive  graphics  conq)uter  program  available  for  both  research 
and  agency  use. 

LANDSAT's  multispectral  scanner  (MSS}  simultaneously  gathers  data  at  four  different 
wavelengths:  Band  4 (.5  to  .6y),  Band  5 (.6  to  .7y),  Band  6 (.7  to  .8u),  and  Band  7 (.8  to 

l.lv).  A swath  185  km  (115  mi)  wide  is  scanned  during  each  orbit,  and  this  is  sampled  at 
intervals  so  that  data  is  recorded  for  discrete  picture  elements  or  pixels  whose  dimensions 
are  approximately  50  x 70  M. 

In  this  project.  Band  5 data  was  desired  because  values  there  can  be  correlated  fairly 
accurately  with  lake  turbidity.  Band  7 data  was  used  to  form  "pictures"  of  lakes  on  a 
computer  terminal.  From  these,  the  computer  program  allowed  the  terminal  operator  to  select 
individual  picture  elements  whose  data  values  were  punched  on  cards. 

Data  was  extracted  in  this  fashion  for  all  Wisconsin  lakes  with  areas  , neater  than  20 
acres  and  depths  greater  than  eight  feet  — about  3000  lakes  in  all.  The  resulting  cards 
were  sorted,  and  lakes  within  each  of  Wisconsin's  72  counties  were  ranked  in  order  of 
decreasing  average  Band  5 values. 


LAKE  TURBIDITY  AND  LANDSAT  DATA 

An  earlier  project  (1)  investigated  relationships  between  LANDSAT  Band  5 brightnesses 
and  lake  turbidity.  In  this  pioject,  37  lakes  included  in  eight  different  LANDSAT  scenes 
were  studied  (Figure  1).  The  northern  Wisconsin  lakes  were  generally  clear  and  oligotrophic; 
those  in  the  souther:  part  of  the  state  range  from  moderately  to  highly  eutrophic. 

Secchi  depth  readings  for  each  of  these  lakes  were  obtained  by  DNR  personnel,  but  it 
was  operationally  not  possible  to  coordinate  these  tests  with  LANDSAT  overflights.  In  some 
instances,  over  a month's  difference  existed  between  secchi  depth  acquisition  and  a suitably 
cloud- free  LANDSAT  orbit. 

Figure  2 shows  correlation  between  LANDSAT  Band  5 data  and  secchi  depths  for  some  of 
these  lakes.  A definite  correlation  is  evident,  and  much  of  the  scatter  is  felt  to  be  due 
to  the  time  differences  described  above. 
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CO»f>irTER  PROCESSING  OBJECTIVES 


Originally  this  project  involved  the  densitoaetric  analysis  of  the  photographic  rendition 
of  the  LANDSAT  iaagery  for  all  the  large  lakes  in  Wisconsin.  Difficulties  with  radiosetric 
quality  of  9x9  inch  photograqihy  and  operational  pzt^leas  due  to  extreaely  saall  image  sites 
of  small  lakes  on  70mm  images  proiq)ted  us  to  begin  development  of  computer-assisted  analysis. 
Since  then,  we  have  expanded  the  program  to  provide  a highly  versatile,  general  purpose 
multispectral  analysis  and  dat?  acquisition  tool  for  several  users  and  applications. 

The  c4>jectives  that  were  envisioned  in  the  design  of  the  program  were: 

a)  Access  to  small,  highly  specific  subsets  of  large  data  sets  was  needed.  We  wanted 
to  be  able  to  select,  for  example,  an  accurately  located  single  data  point  in  a bay 
of  a lake. 

b)  ^hlltispectral  analysis  capabilities  were  needed  for  feature  selection  tasks. 

c)  Operation  needed  to  be  highly  interactive,  so  that  options  could  be  selected  or 
changed  easily,  or  feature  selection  training  criteria  easily  altered  under  operator 
supervision,  etc. 

d)  Operator-recognizable  displays  were  needed,  for  exaaq>le,  to  recognize  and  distinguish 
lakes,  or  to  estimate  acceptability  of  an  experimental  classification. 

e)  Navigational  aids  were  needed  to  help  locate  areas  of  interest. 

f)  Data  histograoming  capability  was  designed  to  assist  in  supervised  training  for 
feature  selection. 

g)  Use  with  a variety  of  data  types  was  desirable.  At  the  moment,  the  program  is  being 
used  both  with  LANDSAT  data  and  digitized  aerial  photography. 

h)  The  program  had  to  be  attractive  to  a wide  range  of  users.  This  im>lied  that 
operation  .hould  be  easily  learned  and  that  the  program  he  extremely  tolerant  of 
operator  enors. 

i)  No  capital  was  available  for  hardware.  We  were  constrained  to  use  existing  equipment 


INTERACTIVT  GRAPHICS  PROGRAMING  SYSTEM 

fie  elected  to  design  the  program  around  an  interactive  graphics  terminal,  and  the  Madison 
Academic  Computing  Center's  Univac  1110  computer.  One  reason  was  that  several  terminals  are 
available  on  campus  and  are  given  excellent  software  and  hardware  support.  Second,  the 
ability  to  prodi'C'*  a television-type  image  during  program  execution,  and  the  operator's 
ability  to  respond  to  the  display,  provided  us  with  the  man-machine  interaction  deemed 
essential.  Third,  graphics  features  allowed  operator  snecificat'on  of  data  coordinates, 
graphical  display  of  data  histogra'w,  and  similar  non- alphanumeric  input  and  output. 

We  read  and  decode  nail t. spectral  data  for  a fairly  large  area,  retaining  data  for  whatever 
bands  are  desired  and  reading  data  tapes  at  any  of  several  possible  resolutions.  Then  a 
portion  of  this  data  is  displayed  on  the  terminal  by  means  of  an  array  of  characters.  Each 
diaracter  ..s  displayed  only  if  a set  of  tests  upon  the  multispectral  data  is  passed.  Complete 
flexibility  is  provided  in  the  selection  cf  characters,  bu.ids  to  be  tested,  and  test  bounds; 
all  of  these  can  be  altered  at  appropriate  points  during  operation. 

Displays  can  be  located  ai;ywhe,>.  v'xthin  the  region  for  which  data  was  extracted,  and  can 
Lu  shown  at  any  of  several  resolutions.  New  displays  can  be  called  at  any  time,  perhapr  at 
different  resolutions  or  with  different  character  ' 'ts  or  bounds. 

Given  a display,  data  can  be  extracted  si”iply  by  pointing  at  desired  points  or  blocks  of 
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points.  Data  for  all  such  points  is  printed,  punched  if  desired,  and  written  into  a catalogued 
file  which  is  available  to  any  other  program  for  additional  analysis. 

Line  printer  "maps"  duplicating  displays  and  showing  all  extracted  data  points  can  be 
produced  as  desired. 

Interactive  coaputer  terminals  are  becoming  familiar  in  many  applications  including 
remote  sensing  data  analysis.  A typical  teiminal  consists  of  a typewriter  keyboard  and  some 
form  of  output  device  — usually  a typewriter,  teletype,  or  cathode-ray  tube  display. 

Programs  can  be  written  so  that  interruptions  occur  at  points  where  operator  intervention  is 
needed.  Keyboard  responses  can  allow  selection  of  options,  decisions,  or  input  of  needed 
data,  usually  in  response  to  something  computed  and  displayed  by  the  terminal.  Such  facilities, 
with  proper  programming,  can  provide  substantial  versatility  and  convenience. 

Graphics  terminals,  now  becoming  coanon,  add  some  powerful  features  to  basic  interactive 
terminals.  In  addition  to  display  or  input  of  alphanumeric  characters,  they  allow  computer- 
produced  drawings  of  points  or  line  segments,  and  operator  input  of  coordinate  positions 
which  can  be  formed  into  graphs,  outline  drawings,  or  coiqplex  figures.  'Hiey  also  allow  far 
transmission  of  graphical  or  two-dimensional  data  to  the  computer. 


DATA  EXTRACTION  TECHNIQUES 

After  locating  approximate  coordinates  of  lakes  by  inspection  of  9x9  inch  imagery,  data 
from  Bands  S and  7 was  extracted.  Displays  were  formed  by  "level  slicing"  on  Band  7,  since 
very  low  infrared  reflectance  of  water  causes  extremely  low  brightnesses  in  that  band. 

Although  the  displays  were  subject  to  a large  number  of  geometric  distortions,  it  proved 
generally  easy  for  the  terminal  operator  to  recognize  and  identify  lakes  and  to  decide  where 
to  extract  data. 

Data  points  were  then  selected,  with  an  average  of  three  to  five  points  per  lake.  If 
ground  truth  data  were  available  from  specified  portions  of  a lake,  or  depth  problems  were 
known  to  exist,  an  effort  was  made  to  extract  data  from  an  ^propriate  region  of  the  lake. 
Printer  maps  were  produced  to  provide  a documentary  record;  these  show  all  lake  names  and 
data  points.  At  the  end  of  each  run,  printed  and  punched  data  output  was  produced. 

Typically,  one  to  three  LANDSAT  CCTs  (each  comprising  a quarter  of  a scene)  were  analyzed 
in  each  day's  operation  --  these  might  include  anywhere  from  one  or  two  up  to  50  lakes  apiece. 
Economics  of  operation  were  highly  dependent  upon  the  number  of  lakes  per  scene  since  tape 
reading  was  a major  part  of  computation  expense.  Detailed  costs  during  a typical  production 
iiin  are  shown  in  Figures  • This  run,  lasting  75  minutes,  involved  loading  one  tape  and 
reading  only  one  portion  of  it.  Ten  full  and  partial  displays,  and  nine  printer  maps  (each 
including  at  least  one  lake)  were  produced.  The  total  cooputation  charge  (using  late  night 
computer  rates)  was  jus*’  under  $6.00. 

Overall,  about  $4,000  of  computer  time  and  $6,000  for  operator  salaries  were  required 
to  obtain  data  for  the  3,000  lakes. 


PRODUCTS  AND  CONCLUSIONS 

Results  supplied  to  DNR  include,  first,  a machine-produced  tabulation  of  lakes  in  each 
of  72  counties,  listing  in  order  of  decreasing  Band  ^ reflectance  and  therefore  at  least 
approximately  in  order  of  decreasing  turbidity;  and  a 35nun  microfilm  copy  of  all  printer  maps 
produced,  showing  locations  of  all  data  points.  A samj  . output  for  one  county  is  included 
in  Table  I. 

Another  result  has  been  the  ^'^mr''ter  program  itseT,  which  is  now  being  used  for  research 
activities  by  DNR  personnel.  i.ipate  that  it  will  become  an  operational  tool  used  by 

DNR  staff  for  similar  or  related  ...^liysis. 
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FUTURE  WORK 


A much  Bore  extensive  ground  truth  effort  is  now  being  planned,  in  which  DNR  field  staff 
will  be  obtaining  secchi  depths  and  related  data  in  conjunction  with  LANDSAT  overflights. 

I^vigation  procedures  are  being  developed  to  allow  coordinate  transformations  from  scene 
to  scene.  These  will  be  used  to  inexpensively  obtain  additional  data  over  the  course  of  a 
full  season.  Also,  data  from  bands  other  than  Band  5 will  be  incorporated.  This  aultispectral 
Bultitei|K>ral  analysis  is  expected  to  yield  better  measures  of  trophic  status. 


SUI^SARY 

A coc^erative  program  involving  University  researchers  and  natural  i-esource  managers 
has  utilized  LANDSAT  data  to  produce  an  economical  trophic  status  assessment  of  3000  Wisconsin 
lakes.  Coi^uter  programs  have  been  developed  which  allow  easy,  rapid  access  to  LANDSAT  data 
and  which  can  be  used  by  non-research  personnel  for  production  data  extraction.  Capital 
expenses  are  low,  and  operating  costs  are  very  reasonable  coiq>ared  to  expenses  to  acquire 
on-site  data  of  co^iarable  quality. 
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TABLE  1.-  SAMPLE  OUTPUT  SUPPLIED  TO  DNR:  ALL  LAKES  IN  COLUMBIA  COUNTY 
RANKED  IN  DECREASING  ORDER  OF  AVERAGE  BAND  S REFLECTANCE 


RANK 

LAKE  NAf-IE 

NUMBER  OF  POINTS 

BAND  5 AVERAGE 

BAND  5 

RANGE 

SCENE  IDENTIFICATION  I 

1 

Swan 

4 

16.50 

16 

- 18 

1378-16151 

3 

2 

tong 

2 

15.50 

14 

- 17 

1378-16151 

3 

3 

Lazy 

3 

14.67 

14 

- 15 

1378-16151 

3 

4 

Park 

4 

14.50 

14 

- 15 

1378-16151 

3 

5 

Spring 

3 

14.00 

14 

- 14 

1378-16151 

3 

6 

Lake  Wisconsin 

9 

14.00 

13 

- 15 

1378-16151 

3 

7 

Becker 

2 

13.50 

13 

- 14 

1378-16151 

3 

8 

Silver 

2 

13.50 

13 

- 14 

1378-16151 

3 

1 9 

George 

2 

13.50 

13 

- 14 

1378-16151 

3 

10 

Wyona 

2 

13.50 

13 

- 14 

1378-16151 

3 

11 

Crystal 

1 

13.00 

13 

- 13 

1378-16151 

3 

Figure  1 — Map  of  Wisconsin  Showing  Locations  of  Lakes  Sampled  by  the 
Wisconsin  Department  of  Natural  Resources 
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BRNO  S OIQITRL  BBIGHTNE5S  LEVEL 


Figure  2 — Correlation  Between  Band  5 Brightne'ises  and  Secchi  Depths 
for  17  Test  Lakes 
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CUMMULATIVE  C0ST8-D0LLARS 


Figure  3 — Computer  costs  for  a Typical  Production  Run  for  Lake  Classification. 
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THE  USE  OF  LANDSAT-1  IMAGERY  FOR  WATER  QUALITY  STUDIES  E-13 

IN  SOUTHERN  SCANDINAVIA 

By  Ulf  Hellden,  Department  of  Physical  Geography,  University  of  Lund,  Sweden 


ABSTRACT  , JJ7e-l74  97 

In  order  to  find  out  the  possibilities  of  using  LANDSAT-1  images  for  environ- 
mental studies,  with  special  references  to  water  quality  studies,  test  areas  In 
southern  Scandinavia  have  been  selected. 

The  MSS  Images  of  different  bands  are  compared  under  the  magnification  of  an 
Interpretoscope  (Zeiss  Jena)  and  densitometric  analyses  are  performed  In  a Schnell 
photometer  (Zeiss  Jena). 

The  possibility  of  tracing  pollution  plumes  Is  studied  In  the  Oresund  outside 
Copenhagen.  The  effect  of  different  sewers  and  the  circulation  of  the  polluted 
water  is  analysed  in  various  situations. 

The  variation  In  reflectivity  of  a great  number  of  lakes  in  South  and  Middle 
Sweden  is  studleJ  by  means  of  densitometric  analyses  and  significant  regional  dif- 
ferences are  found.  The  correlation  with  In  situ  measurements  of  water  quality 
(turbidity  and  secchl  disc  transparency)  of  the  sampled  lakes  (made  by  the  Nation- 
al Swedish  Environment  Protection  Board)  Is  fair  good. 


INTRODUCTION 


In  order  to  find  out  the  possibilities  of  detecting  and  determining  quantita- 
tively water  qualities  by  mean:,  of  LANDSAT-1  data,  the  sewage  conditions  of  Copen- 
hagen In  the  Oresund  and  161  lares  In  South  and  Middle  Sweden  have  been  chosen  as 
material  to  be  investigated. 

According  to  spectral  experiments  accounted  for  by  Fitzgerald  (1972),  chloro- 
phyllic  water  reflects  most  intensively  within  the  band  0.4-0. 6 urn,  while  indus- 
trial water  pollutions  reach  their  highest  reflection  In  the  band  0.6-0. 7 um. 

Since  solar  radiation  within  the  MSS  bands  4 and  5 have  a higher  degree  of  pene- 
trating power  into  water  than  within  the  bands  6 and  7,  the  former  are  probably 
the  most  suitable  channels  for  water  quality  detection.  The  two  latter  bands  are 
suitable  for  the  detection  of  surface  water  quality  only. 

The  investigation  has  been  carried  out  at  the  Remote  Sensing  Division  of  the 
Department  of  Physical  Geography,  University  of  Lund,  Sweden,  within  the  NASA  spon- 
sored project  "Evaluation  of  Data  Utility  for  Earth  Sciences  from  a Methodical 
Point  of  View." 
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METHODS 


All  the  Images  of  the  Copenhagen  area  which  have  been  obtained  within  the 
LANDSAT-1  project*  have  been  analysed  In  an  Interpretoscope  (Zeiss  Jena),  whose 
zoom  construction  has  admitted  an  adequate  choice  of  enlargement  up  to  15  times. 

The  types  of  Images  that  have  been  Investigated,  are  paper  copies  and  dia-positives 
of  the  standard  scale  1:1  000  000,  which  cover  the  period  September  1972-August 
1973.  From  this  material  four  dIa-posItIves  (September  1,  September  2,  1972,  and 
May  30,  August  27,  1973)  have  been  selected  and  Investigated  In  a microdensitome- 
ter (Schnell photometer  G II  with  Standard-Kompensatlonsschrelber  GI  BI),  whereby 
the  grey-tone  variations  In  the  water  outside  Copenhagen  have  been  recorded  by  the 
plotter  unit.  A column  width  of  1 x 1 nm  has  been  used  to  obtain  the  required 
sensitivity  to  light.  As  the  densitometer  measures  the  transmission  of  a projec- 
tion of  a dia-positive,  which  Is  enlarged  21  times  In  the  projection,  the  column 
at  a certain  moment  scans  an  area  50  x 50  m.  The  resolution  In  the  Images  Is  usu- 
ally specified  56  x 79  m.  However,  when  the  contrasting  effect  is  very  good,  the 
resolution  may  show  considerably  higher  values.  For  example.  It  has  been  possible 
to  detect  elongated  harbor  piers,  belonging  to  a Swedish  west-coast  town  (Halmstad), 
50-20  miles  wide. 

Then  the  obtained  transmission  values  have  been  plotted  on  an  Image  of  the 
Copenhagen  area,  enlarged  from  MSS  7,  Isarlthms  have  been  constructed  and  pollu- 
tion plumes  drawn.  In  order  that  the  obtained  measurement  values  of  the  grey-tone 
variations  may  be  comparable  from  one  Image  to  another,  the  densitometer  has  been 
calibrated  to  the  g.'ey-tone  scale  contained  in  each  LANDSAT-1  Image. 

After  having  examined  Swedish  lakes  in  Interpretoscope,  they  turned  out  to 
vary  in  grey-tone  to  a lower  or  higher  degree  (Fig.  1-2).  Since  the  production 
of  algae  and  plankton  In  the  lakes  of  Sweden  Is  greatest  in  the  summer,  as  large 
a number  of  images  as  possible  of  South  and  Middle  Sweden  were  chosen,  partly  from 
the  turn  of  month  June/July  1973  and  partly  from  the  turn  of  month  August/September 
of  the  same  year.  The  imagery  was  analysed  In  a densitometer  for  MSS  4 and  MSS  5, 
and  thereby  the  grey-tone  of  each  lake  was  measured  at  5-10  different  points  and  a 
mean  value  for  each  was  calculated.  For  the  period  June/July,  113  lakes  were  ana- 
lysed In  MSS  4,  while  161  lakes  were  examined  for  the  period  August/September  In 
MSS  4 and  the  same  number  In  MSS  5.  Also  in  this  case,  the  grey- tone  scales  were 
used  in  order  to  calibrate  the  densitometer  In  such  a way  that  the  test  results 
from  different  Images  could  be  comnared. 

The  obtained  grey-tone  values  have  been  Inserted  on  a map  of  the  lakes  of 
South  and  Middle  Sweden,  after  which  isarlthms  have  been  interpolated.  The  map 
Is  constructed  In  such  a way  that  areas  with  lakes  of  the  same  grey-tone  rlass  are 
reproduced  with  the  same  screen  pattern.  Irrespective  of  if  the  area  in  question 
is  represented  by  one  or  several  lakes,  which  means  that  vast  land  areas  situated 
between  classified  lakes  have  been  screened,  too. 


SOURCES  OF  ERROR 


Since  analyses  of  water  quality  are  best  carried  o!;t  using  images  from  MSS  4 
and  MSS  5,  channels  in  which  smoke  plumes,  clouds  and  belts  of  fog  also  appear  most 
distinctly,  it  is  self-evident  that  problems  of  interpretation  and  pure  errors  in 
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measurements  may  occur.  Smoke  and  cloud  sheets,  even  thin  ones,  of  fairly  large  ex- 
tension can.  however,  be  detected  by  means  of  comparative  analyses  of  Images  from 
different  MSS  bands  (Mattson  1973.  Svensson  et  al.  1974).  Thin  belts  of  smoke, 
clouds  or  fog  of  limited  extension  over  a water  surface  are  easily  misinterpreted 
as  the  grey-tone  of  the  water.  But.  In  general,  fog  or  cloud  covered  water  surfaces 
are  recorded  by  the  densitometer  with  extremely  high  transmission  values,  which  de- 
viate very  much  from  those  of  the  surrounding  water. 

In  the  cases  where  Images  from  the  same  period,  which  partially  cover  the  same 
areas,  can  be  used,  there  are  also  possibilities  of  detecting  and  eliminating  the 
effect  of  smoke,  cloud  and  fog  belts  on  the  test  results  through  the  exclusion  of 
the  higher  transmission  values  (lighter  grey-tones)  caused  by  the  above  mentioned 
belts. 

As  mentioned,  it  is  registrations  from  the  band  0.5-0. 7 urn  that  are  analysed 
In  order  to  obtain  Information  about  the  water  quality.  Thus,  that  which  has  been 
recorded  Is  radiation,  which  has  penetrated  the  water  surface  to  a higher  or  lower 
degree  and  has  been  reflected  from  substances  In  the  water,  alien  and/or  produced 
In  a natural  way.  It  Is  also  possible  that  the  bottom  of  shallow  lakes  have  been 
registered  and  misinterpreted  as  the  grey-tone  of  the  lake. 

Under  certain  circumstances,  however,  water  surfaces  serve  as  mirrors  and  re- 
flect the  sunlight  totally,  which  produces  s'lnglltter.  This  sunglitter  stands  out, 
e.g.  on  an  aerophoto  positive,  as  light  surfaces  on  the  water.  This  mirror  reflec- 
tion has  been  pointed  out,  among  others  by  Strong  et  al.  (1970)  In  ESSA-9  satellite 
photos  and  has  been  utilized  as  an  indication  of  water  surface  roughness  and  the 
prevailing  wind  speed.  Sun  glitter  of  this  type,  however.  Is  not  admitted  by  the 
nwltl spectral  scanner  of  LAKOSAT-1,  since  the  true  total  reflection  point  for  higher 
latitudes  lies  several  hundred  kilometers  from  the  nadir  and  the  width  of  the  ob- 
tained registrations  Is  only  185  km  (Stumpf  et  al.  1974).  A certain  diffuse  sur- 
face reflection  may  occur,  but  it  makes  up  such  a small  part  of  the  total  reradia- 
tlon  that  It  need  not  be  considered  as  a source  of  disturbance. 


RESULTS 


Analyses  of  the  pollution  situation  outside  Couanhagen.-  The  principal  part  of 
Copenhagen's  waste  water  is  today  let  out  quite  unpurified  through  two  main  pipes 
into  the  eastern  part  of  Kongedybet  at  a depth  of  6-10  m.  The  pump  stutlon  at 
Strandvaenget,  from  which  the  three  pipes  radiate  (in  Fig.  3 situated  to  the  north), 
1-ts  out  14.0  million  m^  waste  water  per  annum,  while  the  corresponding  figure  for 
Klovermarksvejen's  pump  station,  from  which  the  sewer  situated  to  the  south  In  Fig. 

3 comes,  is  40.0  million  m3  per  annum  (Uackman  et  al.  1971).  The  quantity  of  phos- 
phorous and  nitrogen  from  the  respective  pipes  was  in  1973  320  tons  and  1000  tons 
respectively  510  tons  and  1600  t?ns  (Environment  Committee  of  the  Oresund  Board 
1974).  The  two  pipes  from  Strandvaenget  which  are  situated  furthest  to  the  north, 
are  day-water  sewers  and  are  in  us*?  only  when  the  supply  of  rainwater  is  consider- 
able. 


The  pollution  situation  on  September  1,  1972,  is  evident  from  Fig.  3.  The 
figures  on  the  plumes  indicate  the  relative  transmission,  which  has  been  regis- 
tered by  the  densitometer  on  the  dia-positive  and,  accordingly,  in  a measure  of 
the  grey-tone  differences  within  the  area.  Lighter  grey-tones  result  in  higher 
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transmission  values.  The  Isollnes  Indicate  the  distribution  and  the  relative  con* 
centratlon  of  the  pollutions.  The  oth^r  three  Images  that  have  been  analysed  show 
similar  conditions,  although  the  spread  picture  and  the  distribution  of  concentra- 
tion vary  somewhat.  In  general.  It  can  be  stated  that  the  plumes  on  all  the  Images 
Investigated  are  more  or  less  elongated  In  a N-S  direction  along  Kongedybet  and 
that  the  highest  transmission  values  vary  between  60*  and  80*  (Fig.  4-6). 

On  the  Images  from  May  30  and  August  27,  1973,  there  Is  a very  marked  plume 
situated  300-500  miles  to  the  east  of  the  northernmost  outlets  (the  day-water  sew- 
ers), while  the  plume  at  the  middle  sewer  has  a very  llmived  expansion.  This  Is 
Interpreted  In  such  a way  that  the  day-water  pipes  have  drained  the  main  part  of 
Strandvaenget's  waste  water  after  Intensive  and/or  prolonged  precipitation. 

Water  quality  studies  of  lakes  In  southern  and  middle  Sweden.-  How  the  dif- 
ference  In  grey-tones  can  vary  between  two  neighboring  lakes  Is  Illustrated  in 
Fig.  "^(cf  1).  The  diagrams  show  densitometer  profiles  drawn  over  the  lakes  Vastra 
and  Osii.i  Ringsjon  in  Scania  for  MSS  4 and  MSS  5.  The  transmission  values  of  Lake 
Vastra  Ringsjon  (V.R.)  are  higher  than  those  of  the  lake  Ostra  Ringsjon  (O.R.). 

In  channel  5,  the  profiles  are  more  levelled  out  and  the  differences  between  the 
two  lakes  are  not  so  pronounced  as  in  channel  4. 

The  map  In  Fig.  8 shows  land  areas  with  lakes  of  the  same  grey- tone  class, 
where  the  given  figures  are  the  traismisslon  values  obtained  after  densitometer 
analyses.  In  the  hatched  area,  161  lakes  have  been  analysed  In  channel  4 on  dla- 
positlves  from  August  26,  August  27  and  September  4,  1973.  Non-hatched  areas  de- 
note areas  where  It  has  not  been  possible  to  measure  the  grey-tones  of  the  lakes 
owing  to  too  dense  cloudiness.  The  high  values  in  Scania  should  be  noted,  like- 
wise those  In  the  area  around  Lake  Roxen  and  Lake  Gian,  the  Lakes  Hjalmaren  and 
Malaren  and  within  an  area  that  stretches  down  from  Lake  Vanern  towards  the  area 
WSW  of  Lake  Vattern.  Likewise,  the  lowest  classes,  I.e.  the  area  at  Bohuslan- 
Dalsland  in  north-west  and  the  three  areas  SE  of  Lake  Vattern. 

Then  the  map  can  be  compared  with  Fig.  9,  which  is  a compilation  by  the  Na- 
tional Swedish  Environment  Protection  Board  of  the  secchl  disc  transparency  in 
Swedish  lakes.  The  data  basis  for  this  map  was  collected  In  August  1972  by  the 
County  Administrations  of  Sweden,  who  by  order  of  the  National  Swedish  Environ- 
ment Protection  Board  and  as  far  as  supplies  allowed  Investigated  at  least  50 
lakes  in  each  county  among  other  things  with  regard  to  secchl  disc  transparency, 
turbidity,  color,  oxygen  content,  total  phosphorous  content,  pH  and  alkalinity 
(Johansson  et  a1.  1974).  Parts  of  the  collected  analyses  values  have  kindly  been 
covered  by  the  research  laboratory  of  the  National  Swedish  Environment  Protection 
Board  and  after  continued  working  up  they  will  be  used  for  comparisons  with  the 
spectral  properties  of  the  lakes,  detected  In  the  densitometer. 

A similar  Image  as  in  Fig.  8 is  produced  after  the  analyses  of  the  correspond- 
ing material  in  MSS  5 (Fig.  10).  Since  more  of  the  radiation  reaching  water  within 
the  band  0.6-0. 7 um,  compared  with  the  band  0.5-0. 6 um,  is  absorbed  in  the  top 
water  layers,  the  recorded  transmission  values  become  considerably  lower  than  the 
ones  within  the  band  last  mentioned  (MSS  4).  Since  color  radiation  within  the  for- 
mer band  has  lower  penetrating  power  into  water  than  within  the  latter,  figure  10 
probably  reflects  to  a larger  degree  the  water  quality  conditions  of  the  surface 
layers  of  the  examiiied  lakes  than  figure  8 does. 

Figure  11  shows  the  results  of  the  analyses  of  LANDSAT  images  (MSS  4)  from 
th'-  turn  of  month  June/July,  1973  (June  18,  July  3)  and  gives  in  a general  outline 
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the  same  Image  as  figure  8 except  for  certain  regional  differences.  Owing  to  too 
dense  cloudiness  over  large  parts  of  western  Sweden,  the  measurements  are  Incom- 
plete. It  Is,  however,  possible  to  observe  that  Scania,  the  area  round  Lake  Roxen 
and  Lake  G1an  and  the  HJalmaren-Malaren  area  are  depicted  with  the  highest  screen 
classes,  while  the  lowest  screen  classes  can  be  seen  In  the  Bohuslan-Dalsland- 
Varmland  area.  It  should  be  noted  that  the  area  to  the  south-east  of  Lake  Vattern 
(Fig.  8)  which  has  been  labelled  with  low  values,  has  received  far  greater  exten- 
sion In  figure  11,  and  that  the  low  values  have  been  replaced  by  high  ones.  The 
differences  between  the  maps  can  possibly  be  explained  by  the  fact  that  the  water 
quality  conditions  of  the  Investigated  lakes  probably  alternate  with  the  seasons 
and,  therefore,  are  probably  different  at  the  end  of  August  and  at  the  turn  of 
month  June/July.  Since  ground  truth  Information  from  the  latter  period  Is  lacking, 
comparisons  between  the  two  maps  must  be  made  with  certain  care. 

The  results  hitherto  obtained  Indicate  that  there  might  be  a relationship  be- 
tween the  grey-tones  and  secchl  disc  transparency  of  the  analysed  lakes  (lighter 
grey-tones  correspond  to  low  secchl  disc  transparency).  Therefore,  the  grey- tones 
of  the  LANDSAT  Images  can  primarily  be  assumed  to  be  a measure  of  the  transparency 
of  the  lakes  and  Indirectly  a relative  measure  of  the  water  turbidity,  content  of 
algae  and  plankton  on  the  occasions  of  the  satellite  registrations.  The  transpar- 
ency of  a lake  at  a certain  date  can  be  considered  a measure  of  the  biological - 
chemical  conditions  of  the  lake  and  can  probably  be  correlated  to  other  limnologi- 
cal parameters. 


DISCUSSION  AND  COMPARISONS 


Detection  of  water  pollution  by  means  of  satellite-borne  sensors  has  been 
described  by  among  others  Watenabe  (1973)  and  Werzenek  st  al.  (1973).  Any  meth- 
odology for  a relative  analyses  or  absolute  quantification  of  sewage  plumes  has, 
as  far  as  known,  not  yet  been  presented  In  the  literature. 

Detection  of  the  turbidity  and/or  chlorophylllc  content  (algae,  plankton)  in 
water  bodies  has  been  made  In  several  cases  (Bowker  et  al.  1973,  Pluhowski  1973, 
Svensson  1973).  Thus  Yarger  et  al.  (1973)  has  examined  the  two  water  reservoirs 
Perry  and  Tuttle  Creek,  Kansas,  U.S.A.  with  regard  to  grey-tone  variations  on 
LANDSAT-1  images  and  thereby  they  have  been  able  to  find  certain  connections  be- 
tween grey-tones,  quantity  of  suspended  material  and  secchl  disc  transparency. 

More  detailed  information  about  water  qualities  can  probably  be  derived  from 
LANDSAT  data  through  automation  of  the  procedure  of  analyses  from  digital  tapes 
(CCT),  whose  grey-tone  differentiation  is  almost  eight  times  greater  than  that  of 
the  photographic  products  (Kritikos  et  al.  1974).  Therefore,  at  the  beginning  of 
1975,  cooperation  with  the  Image  Processing  Department  of  the  National  Defense 
Research  Institute  regarding  automatic  evaluation  of  MSS  computer  compatible  tapes 
with  respect  to  information  from  water  bodies  was  introduced.  The  results  from 
these  experiments  are  still  preliminary  and,  therefore,  only  a computer  produced 
microfilm  image  is  presented  (Fig.  12).  The  pollution  conditions  off  Copenhagen 
on  August  27,  1973,  are  evident  from  the  figure.  The  grey-tone  differentiation 
of  the  water  has  been  enhanced  and  the  Image  has  been  produced  with  the  help  of  a 
Calcomp  835  microfilm  plotter. 

The  possibilities  of  acquiring  continuous  information  quickly  and  effectively 
regarding  the  quality  of  different  water  bodies  by  means  of  multispectral  images 
from  future  operative  eartn  resou*"ces  satellites  are  judged  to  be  very  good  after 
a further  development  of  existing  hods. 
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Figure  1.-  LAfiOSAT-l  Image  (MSS  4)  of  Lake  Ostra 

Ringsjon  (O.ft.)  and  Lake  Vastra  Ringsjon 
(V.R.)  in  Scania  registered  on  August  27, 
1973.  Appr.  scale  1:650,000. 
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Figure  3.-  The  pollution  plumes  outside  Copenhagen 
on  September  1,  1972,  according  to  den- 
sitometer analysis  of  LANDSAT-1  d1a- 
posltive  {MSS  5).  The  figures  denote 
the  relative  transmission. 
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Figure  4.-  The  pollution  pluntes  outside  Copenhagen 
on  September  2,  1972,  according  to  den- 
sitometer analysis  of  LA‘lDSAT-1  dia- 
positive  (E1SS  5).  The  figures  denote 
relative  transmission. 
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Figure  5.-  The  pollution  plumes  outside  Copenhagen 
on  May  30,  1973,  according  to  densiton - 
eter  analysis  of  LANDSAT-1  dia-posi live 
{MSS  5).  The  figures  denote  the  rela- 
tive transmission. 

461 


Figure  6. » The  pollution  plumes  outside  Copenhagen 
on  August  27,  1973,  according  to  densi- 
tometer analysis  of  LANDSAT-1  dla- 
posl tive  (MSS  5).  The  figures  denote 
the  relative  transmission. 
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Figure  7.-  Densitometer  profiles  of  Lake  Vastra 


Rings jon  {V.R.)  and  Lake  Ostra  Rfngs- 
jon  {O.R.)  in  Scania  on  the  basis  of 
LANOSAT-1  images  (MSS  4,  MSS  5)  regis- 
tered on  August  27,  1973. 
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Figure  8.-  Map  of  land  areas  v/ith  lakes  of  the 
same  grey-tone  where  the  given  fig- 
ures represent  transmission  values 
gained  after  densitometer  analysis 
of  LA.NDSAT-1  images  (MSS  4)  regis- 
tered on  August  26,  27  and  Septem- 
ber 4.  1973. 
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Figure  9.-  The  secchl  disc  transparency  of  Swedish 
lakes  based  on  a compilation  of  the  na- 
tional Swedish  Environment  Protection 
Board  (after  Johansson  et  al.  1974). 

465 


Figure  10.-  Hap  of  land  areas  with  lakes  of  the 
same  grey-tone  class  where  the  given 
figures  represent  transmission  values 
gained  after  densitometer  analysis  of 
LANOSAT-1  images  (HSS  5)  registered 
on  August  26,  27  and  September  4,  1973. 
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Figure  11.-  Map  of  land  areas  with  lakes  of  the 
same  grey-tone  class  where  the  given 
figures  represent  transmission  values 
gained  after  densitometer  analysis  of 
[a:;DSAT-1  images  (MSS  4)  registered  on 
June  18  and  July  3,  1973. 
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Fiyure  T2.>  The  pollution  conditions  outside  Copen- 
hagen on  Auguot  27,  1973.  The  grey-tone 
differentiation  of  the  water  has  been  en- 
hanced and  the  Image  has  been  produced 
with  the  help  of  a Cal  comp  835  microfiltr 
plotter.  Appr.  scale  1:250,000. 
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COMPARATIVE  UTILITY  OF  LAIDSAT-1  AND  SICYLAB  DATA  E-14 

FOR  COASTAL  WETLAND  MAPPING  AN)  ECOLOGICAL  STUDIES 

By  Richard  Anderson.  Biology  DeparcaenC,  The  Aaerlcan  University,  Washington,  D.C. 

Linda  Alsld,  Biology  Department,  The  Aawrlcan  University,  Washington,  D.C. 

Virginia  Carter,  U.S.  Geological  Survey,  Reston,  Virginia 

/U.SIHACI  t N 76- 17498 

There  are  a variety  of  reantely  sensed  data  and  analysis  methods  currently  available 
for  application  to  wetland  mapping  and  ecological  studies.  The  most  widely  used  techni- 
ques involve  color  and  color  Infrared  photography  fron  low  altitude  (1830  M}  aircraft. 
These  techniques,  while  giving  a high  degree  of  accuracy,  are  tlae  consuming,  expensive, 
and  have  to  be  used  on  a piecemeal  long  term  basis  by  some  states.  Less  expensive  methods 
which  retain  relative  accuracy  and  detail  would  be  an  attractive  near  term  alternative. 

Sky lab  190-A  photography  and  LANDSAT-1  analog  data  have  been  analyzed  to  deter- 
mine coastal  %fetland  mapping  potential  as  a near  term  substitute  for  aircraft  data  and 
a long  term  acmltoring  tool.  The  level  of  detail  and  accuracy  of  each  was  compared. 

Slgrlab  data  provides  more  accurate  classification  of  wetland  types,  better  delineation 
of  freshwater  marshes  and  moie  detailed  analysis  of  drainage  patterns.  LA^1DS\T-1  analog 
data  are  useful  for  general  classification,  boundary  definition  and  monitoring  of  human 
impact  in  tretlands. 


INTR(»UCTION 


Wetlai^s,  especially  salt  marshes,  play  a primary  role  in  estuarine  productivity, 
providing  food  and  shelter  not  only  for  organisms  naturally  inhabiting  the  wetlands,  but 
also  for  the  many  organisms  which  spend  all  or  part  of  their  lives  in  the  waters  of  the 
adjacent  estuary  or  shallow  ocean.  Salt  marshes  are  vitally  necessary  to  the  maintenance 
of  trlrtually  all  major  shallow  salt  water  fish  and  shellfish  populations. 

During  the  last  five  years  a clear  need  has  been  established  for  development  of  a 
rapid,  relatively  low  cost  method  for  mapping  and  monitoring  coastal  wetlands.  This  period 
has  been  one  of  unprecedented  activity  by  state  governments  to  preserve  this  sersitive  and 
threatened  part  of  the  aquatic  ecosyston.  Laws  regulating  the  types  of  activity  in  wet- 
lands have  been  passed  in  almost  all  Atlantic  coastal  states.  To  implement  this  wetland 
legislation,  practical  methods  are  needed  for  mapping  and  evaluation  of  coastal  wetlands. 

With  the  launch  of  LANDoAT-1  and  Sky lab,  relatively  high  resolution  satellite  data 
became  routinely  available  for  the  investigation  of  earth  resources.  The  research  des- 
cribed in  tills  paper  was  initiated  to  determine  the  feasibility  of  using  IA^^)SAT-l  and 
Skylab  data  for  investigations  of  coastal  wetland  ecology  and  to  monitor  and  map  coastal 
wetlands. 


Test  Areas  for  LANDSAT-1  and  Skylab  Studies 

Due  to  the  wide  range  of  environmental  conditions  along  the  Atlantic  Coast,  two  test 
areas  were  selected  for  study;  one  representing  northern  type  coastal  wetlands  in  the 
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Chesapeake  Bay,  Karyland,  and  Chlncoteague  Bay,  Virginia,  and  one  representing  southern 
type  coastal  wetlands  in  South  Carolina  and  Georgia.  Lack  of  usable  Skylab  data  over  the 
southern  test  area  prevented  conparlson  trlth  LANDSAT  data;  therefore,  only  the  northern 
area  will  be  discussed. 

TVo  sites  were  selected  for  intensive  study.  Site  1 is  a latge,  near-saline  marsh 
at  the  siouth  of  the  Manticoke  River  in  Dorchester  County,  Maryland.  Site  2 is  a salt 
marsh  complex  located  at  the  mouth  of  the  Chlncoteague  Bay  in  Virginia.  The  tidal  range 
is  about  1 meter. 

The  frequently  Inundated  saline  and  near-saline  marshes  in  the  Chesapeake  Bay  area 
contain  many  of  the  same  species  fou-t.d  in  the  southern  marshes  (i.e.,  Spartina 
altemif lora . Spartina  patens,  Juncus  ro^merlanus,  etc.).  However,  these  species  seldom 
grow  to  heights  comparable  to  those  achieved  in  southern  marshes  and  consequently, 
estimates  of  their  primary  productivity  are  lower  (Keefe  and  Boynton,  1972).  This  Is 
probably  because  of  a shorter  growing  season  and  generally  cooler  air  and  water  tempera- 
tures. 


METHODS  AND  MATERIALS  FOR  DATA  ANALYSIS 


A variety  of  methods  for  satellite  data  analysis  were  tested  and  evaluated.  These 
include  both  visual  and  automated  interpretation  techniques.  The  authors  are  particular- 
ly indebted  to  the  NASA  aircraft  support  programs  o|...rated  from  Ames  Research  Center, 
Cjd.ifomia,  and  Johnson  Space  Flight  Center,  Texas,  ard  the  Wallops  Research  Station, 
Virginia.  Underflight  data  have  been  Invaluable  as  axis  in  interpreta"ion  of  the 
satellite  data. 

Prior  to  rnd  during  the  time  of  receipt  of  satellite  data,  aircraft  color  infrared 
photographs  of  the  test  site  were  visually  analyzed  to  identify  boundaries,  plant 
comsiunltles  and  disturbed  areas.  Preliminary  interpretations  were  made  using  LAin)SA7-l 
analog  and  Skylab  photographic  data.  Field  trips  were  made  to  determine  accuracy  of 
laboratory  interpretation. 

To  facilitate  interpretation  of  grey  levels  ^nd  color  tones  on  the  satellite  data,  a 
considerable  amount  of  data  were  gathered  on  the  spectral  reflectance  characteristics  of 
Important  wetland  features;  an  ISCO  field  Spec tro radiometer  was  used  to  obtain  this 
information  at  0.025  micrometer  Intervals  between  0.4  and  0.75  micrometers  and  at  0.050 
Intervals  between  0.75  and  1.350  micrometers.  Figure  1 shows  seasonal  reflectance 
curves  for  some  wetland  features  keyed  to  LANDSAT  MSS  band  7 (0.8  - 1.1  micrometers). 

These  data  were  also  used  in  Che  development  of  techniques  for  analysis  of  LANDSAT  digital 
data. 


RESULTS 


A.  LANDSAT-1 

1.  Plant  species  identification  and  wetland  classification.-  MSS  bands  6 and  7 were 
found  to  be  the  most  useful  for  wetlands  interpretation. 

Coastal  saline  and  brackish  marshes  generally  appear  as  a dark  grey  tone  near  the 
dense  end  of  the  scale  on  LANDSAT  MSS  band  6 and  7 images,  and  as  a dark  red-grey  in  a color 
infrared  simulation  (color  composite)  during  the  growing  season.  This  is  largely  because 
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the  spectral  reflectance  of  the  dominant  species,  or  species  association,  is  generally 
low  in  MSS  bands  6 and  7 . These  species  include  Spartina  alterniflora  (salt  marsh 
cordgrass) , Salicomia  spp . (glasswort) , and  Juncus  roemerianus  (needlerush) . In  MSS 
bands  4 and  5,  all  marsh  species  have  a low  overall  average  reflectance,  usually 
appearing  less  dark  in  tone  than  dryland  vegetation  and  darker  than  spoil  or  agricultural 
fields  with  or  without  crops.  Where  the  coastal  marshes  become  fresher,  the  spectral 
reflectance  of  the  species  compositions  is  higher  in  the  Infrared  region  of  the  spectrum 
and  the  plant  cover  is  generally  denser.  During  the  peak  of  the  growing  season,  it  is 
difficult  to  deter->ine  the  landward  boundaries  of  these  fresh  marshes. 


The  general  vegetative  composition  of  the  test  sites  is  typical  of  near-saline  to 
slightly  brackish  tidal  marshes  of  the  Central  Atlantic  coast.  The  areal  extent  of  plant 
communities  range  from  small  to  very  large. 

A vegetation  map  (Figure  2)  was  produced  from  the  7 July  1973  MSS  7 (#  1349-15134) 
and  the  30  August  1973  MSS  7 (#  1403-15124)  Images.  Two  different  dates  were  used  in 
order  to  evaluate  the  tidal  differences.  The  imagery  was  placed  in  a Bessler  enlarger  and 
tonal  patterns  traced  by  hand.  The  general  categories  identified  are  listed  in  order  of 
decreasing  reflectivity:  tree  Island,  high  nu.rsh,  low  marsh,  low  marsh/water  and  water. 

The  high  marsh  includes  chose  plant  species  and  conssunities  which  are  generally  found 
above  mean  high  water.  The  vegetation  is  usually  dense  with  little  background  reflectance 
and  soil  moisture.  The  high  marsh  category  is  more  reflective  and  images  lighter  on  MSS 
band  7 than  other  marsh  categories.  This  category  is  made  up  of  varying  amounts  of 
Spartina  cynosuroides.  Spartina  patens/Pistichlis  spicata  association,  Iva  frutescens. 
Baccharls  hallmifolia.  and  Phragmites  comnunls. 

Low  marsh  covers  the  greatest  area  within  the  test  site,  and  is  composed  mostly  of 
large  stands  of  Juncus  roemerianus . Other  species  of  the  low  marsh  category,  Scirpus 
spp.,  may  be  found  in  homogeneous  stands  but  are  predominantly  seen  in  large  mixed  plant 
communities.  Juncus  stands  were  indistinguishable  from  Scirpus  stands  or  mixed  Juncus 
and  Scirpus  ccxmminitles. 

Low  marsh/water  contains  shorter  Juncus  and  Scirpus  stands,  or  areas  with  sparse 
plant  cover  which  exhibit  a very  low  reflectance  in  MSS  band  7 due  to  the  water  background. 
In  many  Instances  it  is  impossible  to  determine  the  interior  low  marsh/water  interface 
using  satellite  data. 

High  and  low  marsh  patterns  on  the  LANDSAT  Imagery  are  more  distinct  in  summer  than 
winter,  due  to  the  greater  differences  in  reflectance  of  growing  vegetation.  Seasonal 
development  or  change  within  the  high  marsh  category  can  be  distinguished  by  comparing  the 
spring  and  summer  Imagery.  Increases  in  reflectance  are  especially  noticeable  in  the 
areas  bordering  streams  and  water  bodies  of  the  marsh  Interior  in  MSS  7. 


An  attempt  was  made  to  determine  the  applicability  of  LAI.DSAT  data  for  coastal  wet- 
land typing  or  classification.  A wetland  classification  system  based  on  satellite  data 
would  be  useful  for  making  and  updating  coastal  inventories.  Shaw  & Fredlne,  1956, 
suggested  classification  of  coastal  marshes  into  the  following  types  on  the  basis  of 
vegetation  and  inundation: 


Type  12 
Type  13 
Type  14 
Type  15 
Type  16 
Type  17 
Type  18 
Type  19 


coastal  shallow  fresh  marshes 
coastal  deep  fresh  marshes 
coastal  open  fresh  water 
coastal  salt  flats 
coastal  salt  meadows 
Irregularly  flooded  salt  marshes 
regularly  flooded  salt  marshes 
sounds  and  bays 
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SoM  of  these  categories  can  be  differentiated  using  LANDSAT  Imagery.  The  differentia- 
tion Is  based  largely  on  the  reflectance  differences  of  Indicator  species  [e.g., 

Spartlna  altemlflora  (Type  18),  Juncus  roenerlanus  (Type  17)  or  Spartlna  patens 
(Type  16)].  Although  LANDSAT  cannot  be  used  to  ascertain  water  depth.  Type  14  and 
Type  19  which  are  based  on  water  depth  could  be  classified  by  using  available  bathymetric 
data  in  conjunction  with  aisrs  of  water  detected  with  LAIOSAT  data.  We  have  not 
successfully  differentiated  Type  12,  13,  or  15  with  LANDSAT  images. 

2.  Monltorltut  of  %ietlands  for  natural  or  man-made  reductions  In  productivity .- 
Natural  reductions  in  productivity  due  to  successional  trends  (e.g.,  wetland  to  dryland) 
must  be  ascertained  over  longer  periods  of  time  than  this  study  permitted.  Repetitive 
LAiiDSAT  data  will  be  particularly  useful  for  this  purpose. 

The  most  useful  short  term  use  will  be  In  monitoring  dredge,  fill  and  drainage 
activities  In  wetlands. 


B.  Skylab 

Color  Infrared  photography  was  found  to  be  the  best  data  form  for  wetland  studies. 
Tonal  contrast,  expressed  as  variations  of  color,  was  found  to  be  the  mos'w  important 
recognition  element  in  interpreting  the  color  IR  photographs.  Texture,  the  frequency 
of  color  change,  was  also  an  important  interpretive  factor  in  certain  areas.  The 
Septend>er  photography  was  superior  to  that  taken  in  June  for  delineating  the  upper 
marsh  boundary.  The  marsh-water  interface,  especially  In  small  drainage  channels.  Is 
also  more  easily  Identified  In  September  because  of  reduced  vegetation  cover. 

Tonal  contrast  and  Image  sharpness  within  the  marshes  were  of  sufficient  detail  to 
allow  delineation  of  five  wetland  classes.  This  was  especially  true  of  the  June  photo- 
graphy where  certain  Individual  species  were  easily  Identified  by  their  characteristic 
colors. 

To  differentiate  the  wetland  classes  found  in  the  test  area,  a wetlands  classifica- 
tion system  was  developed.  It  Is  basically  a synthesis  of  systems  previously  used  by 
Nicholson  and  Van  Deusen  and  Stewart  modified  by  observations  of  marsh  structure  and 
composition  In  the  field  and  the  discrimination  capability  of  the  Skylab  photography. 

The  five  major  vegetation  categories  are: 

Type  Fresh  estuarine  river  marsh.-  Dominated  by  fresh  water  vegetation  located 
along  the  upper  reaches  of  tidal  rivers  and  streams  where  water  salinity  ranges  from  fresh 
to  slightly  brackish,  large  areas  of  open  water  may  be  covered  with  Nymphaea  odorata 
(white  water  Illy).  Broad  leaf  emergents,  Pontederla  cordata  (pickerel  weed),  Peltandra 
vlrglnlca  (arrow  arum) , and  Nuphar  advena  (spatterdock) , occupy  the  water  edge . Shallower 
Interior  areas  are  characterized  by  a wide  diversity  of  herbaceous  vegetation  which  varies 
with  area  and  season. 

Because  of  the  complex  mixing  of  many  diverse  species  within  Type  I wetlands,  the 
appearance  on  the  photography  is  one  of  homogeneity,  with  little  Internal  tone  contrast 
and  a uniform  texture.  However,  large,  nearly  pure  stands  of  Phragmltes  communis  (reed) 
and  Typha  spp.  (cattail)  occur  and  have  been  identified  using  the  June  photography. 
Phragmltes  is  characterized  by  a bright  pink  color  and  rosette  pattern;  Typha  spp.  appear 
in  the  deepest  shade  of  red.  Nymphaea  odorata.  which  exhibits  a white  tone  and  obscures 
the  water  surface,  can  also  be  discerned. 

Type  II.  Brackish  estuarine  rlVer  marsh.-  As  salinity  increases  downstream,  the 
Type  I wetlands  are  gradually  replaced  by  plant  communities  more  tolerant  of  brackish 
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water.  Tidal  fluctuation  Is  regular  and  usually  greater  toward  the  river  mouth.  The 
marsh  area  may  be  large  and  heavily  dissected  by  drainage  creeks.  This  is  perhaps  the 
most  complex  category  and  most  difficult  to  define.  Many  of  the  fresh  water  species 
listed  as  Type  I vegetation  extend  into  the  brackish  areas,  and  there  is  no  distinct 
boundary  between  the  two  types.  Typically,  broad  leaf  onergents  at  the  water  edge  are 
replaced  by  Spartina  cvnosuroides  (big  cordgrass),  which  also  occurs  in  large  stands  in 
the  interior  marsh.  Other  brackish  dominants  include  Scirpus  olneyi  (Olney  three-square), 
Typha  angustifolia  (narrow^leaf  cattail),  Spartina  patens  (salt  meadow  cordgrass),  and 
Distichlis  spicata  (saltgrass) . 

Type  III.  Fresh  estuarine  bay  marsh.-  Estuarine  systems  such  as  the  upper  Blackwater 
River  nay  flow  through  a broad,  shallow,  permanently  submerged  flats.  Salinity  ranges 
from  slightly  to  moderately  brackish  and  tidal  fluctuation  is  usually  slight  and 
Irregular. 

Scirpus  olneyi.  occurring  in  large  pure  stands,  dominates  this  class  in  the  test 
area.  K mixture  of  Scirpus  olneyi  and  Typha  angustifolia  is  found  in  fresher  water  areas, 
and  a zone  of  Panicum  virgatum  or  Spartina  patens  occupies  higher  elevations  at  the  upper 
marsh  boundary. 

Because  of  the  complete  dominance  of  Scirpus  olneyi . this  category  appears  as  a 
rather  homogeneous  area  on  both  the  June  and  September  photography.  Large,  shallow. 
Irregular  ponds  and  sparsely-vegetated  mudflats  in  combination  with  the  low  reflectance 
of  Scirpus  olneyi  make  this  the  most  difficult  area  in  which  to  delineate  accurately  the 
marsh-water  interface. 

Type  IV.  Brackish  estuarine  bay  marsh.-  This  class  differs  vegetationally  from  Type 
III  because  of  higher  water  salinity.  Scirpus  olneyi,  Juncus  roemerlanus  (needlerush) , 
and  Spartina  patens  provide  the  dominant  vegetative  cover.  Scirpus  olneyi  is  found  in 
low,  poorly  drained  areas;  Juncus  roemerlanus  becomes  established  in  low  areas  with  sandy 
soils;  and  Spartina  patens  occupies  higher  elevations.  Spartina  alterniflora  is  common 
where  tidal  fluctuation  is  the  most  regular,  and  homogeneous  stands  of  Typha  spp.  are 
often  found  along  the  upper  marsh  boundary.  This  marsh  class  exhibited  the  greatest 
variations  of  color  of  all  classes,  and  had  a distinctive  texture. 

Type  V.  Near  saline  marsh.-  This  class  occurs  near  the  open  water  of  Chesapeake  Bay. 
The  water  Is  moderately  brackish  to  near-saline  and  species  diversity  is  reduced.  The 
marsh  pattern  is  formed  by  extensive,  pure  stands  of  Juncus  roemerlanus  and  large  meadows 
composed  of  Spartina  patens  and  Distichlis  spicata.  At  the  highest  elevations,  patches  of 
Iva  frutescens  and  Baccharis  halimifolia  found,  and  Spartina  alterniflora  occupies  the 
narrow  intertidal  zone  along  creeks  and  streams. 

Wetland  maps  were  prepared  at  a 1:125,000  scale  by  making  a direct  overlay  on  the 
S190A  enlarged  color  IR  transparencies  (June  and  September).  The  wetland  mats  depict  the 
five  categories  as  well  as  the  boundary  between  marsh  and  upland  or  marsh  and  wooded  swamp 
(upper  marsh  boundary)  and  the  marsh-water  interface  (Figs.  2 and  3). 

2.  Monitoring  natural  and  man-made  reductions  in  primary  productivity:  Sky lab  is 

basically  not  a monitoring  tool  due  to  the  short  term  duration  of  the  missions.  Due  to 
the  higher  resolution  of  Skylab  photography,  dredge  and  fill  projects  of  less  than  one 
acre  may  be  observed.  Also  mosquito  ditches  are  resolved  and  vegetatlonal  changes  which 
accompany  them. 


DISCUSSION  AND  CONCLUSIONS 


Wetland  mapping  and  monitoring  presents  both  a near  and  a long  term  problem.  Maps 
showing  boundaries  an'^  classes  of  wetlands  are  urgently  needed  by  many  states  as  baseline 
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Information  to  begin  manageatent  and  preservation  programs.  Longer  term,  repetitive  data 
are  also  necessary  for  monitoring  of  reductions  in  wetland  acreage  due  to  I...iuan  activities 
or  natural  successional  processes.  High  resolution,  photographic  data  from  Sky lab 
provides  the  best  information  for  detailed  wetland  mapping.  LANDSAT  analog  data  have 
been  shown  to  be  an  excellent  tool  for  mapping  large  area  coastal  wetland  conmunitles  and 
monitoring  changes  in  wetland  habitat,  particularly  those  associated  with  human  activities. 

Wetland  maps  produced  from  LANDSAT  analog  and  Skylab  190-A  photographic  data  of  the 
Manticoke  test  site  were  compared  (see  Fig.  2).  The  following  generalizations  apply: 

1.  With  regard  to  classification,  a more  detailed  system  may  be  used  with 
Skylab  data  (5  classes  as  opposed  to  3 for  LANDSAT). 

2.  Freshwater  marshes  may  be  delineated  with  Skylab  but  not  LANDSAT. 

3.  Drainage  patterns  may  be  mapped  in  more  detail  with  Skylab. 
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AUTOMATIC  CATEGORIZATION  OF  LAND-WATER  COVER  E-15 

TYPES  OF  THE  GREEN  SWAMP,  FLORIDA,  USING 
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ABSTRACT  N76~  1.7499 

The  Green  Swamp,  the  fountainhead  of  five  major  rivers,  a broad  flat 
wetland  comprising  2,253  square  kilometers  (870  square  miles)  of  the  central 
highlands  of  the  Florida  peninsula  was  chosen  as  a Skylab  Earth  Resources 
Experiment  Package  (EREP)  test  site.  This  report  summarises  the  tech- 
niques used  and  the  results  achieved  in  the  successful  application  of  Skylab 
Multispectral  Scanner  (EREP  S-192)  high-density  digital  tape  data  for  the 
automatic  categorizing  and  mapping  of  land-water  cover  types  in  the  Green 
Swamp.  Data  was  provided  from  NASA  Skylab  pass  number  10  on  13  June 
1973.  Significant  results  achieved  included  the  automatic  mapping  of  a 
nine-category  and  a three-category  land-water  cover  map  of  the  Green 
Swamp.  The  land-water  cover  map  used  to  make  interpretations  of  a 
hydro-logic  condition  in  the  Green  Swamp,  This  type  of  use  marks  a 
significant  breakthrough  in  the  processing  and  utilization  of  EREP  S-192 
data. 


INTRODUCTION 

There  are  encroaching  pressures  of  urban  and  industrial  development  in 
the  environmentally  sensitive  area  of  the  Green  Swamp.  This  area,  essential  to 
water  resources  and  the  ecological  stability  of  major  drainage  systems,  is 
a complex  of  swamps,  creeks,  rivers,  lakes,  prairies,  pine  flatwoods,  and 
sand  hills.  The  water,  land,  and  vegetation  are  undergoing  rapid  changes 
caused  by  logging,  reforestation,  alteration  of  natural  drainage  by  canalization 
and  ponding,  burning  and  clearing  for  sod  farming,  improved  pasture,  citrus 
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farming,  and  urban  and  industrial  development.  There  is  an  urgent  need 
for  mvironmentel  appraisals  in  this  area  to  develop  a rational  basis  for 
planning  and  controlled  development.  Conventional  techniques,  based 
primarily  on  the  use  of  photography  and  field  studies,  have  not  been  entirely 
satisfactory  for  this  timely  appraisal  because  of  the  large  siae  and  com* 
plexity  of  the  area.  In  response  to  these  deficiencies,  this  study  objective 
is  to  use  the  Green  Swamp  and  its  environs  as  a laboratory  to  evaluate 
Skylab  multispectral  scanner  data  for  automatic  mapping  of  the  needed 
environmental  categories  for  interpretation  and  assessments.*  A timely 
use  of  remote  sensing  data  resulting  from  this  study  has  already  been 
demonstrated  by  the  Green  Swamp  settlement  (Ref  1} . 

LOCATION  AND  DESCRIPTION  OF  THE  GREEN  SWAMP  TEST  SITE 

The  Green  Swamp  is  in  the  central  part  of  the  Florida  Peninsula,  as  shown 
in  Figure  1.  The  swamp  is  an  extensive  area  of  swampy  flatlands  and 
sandy  ridges.  The  elevation  of  the  land  surface  varies  from  about  60  meters 
(200  feet)  above  mean  sea  level  in  the  eastern  part  to  about  23  meters  (75  feet) 
in  the  western  part.  Five  major  drainage  systems  originate  in  or  near  the 
Green  Swamp  area,  as  slH>wn  in  Figure  2.  The  Withlacoochee  River  drains 
two -thirds  of  the  area.  The  little  Withlacoocnee  River,  the  headwaters  of 
the  Oklawaha  River,  the  Hillsborough  River,  the  headwaters  of  the  Kissimee 
River,  and  the  headwaters  of  the  Peace  River  drain  the  remaining  area. 

The  Green  Swamp  was  described  by  Pride  (Ref  2)  to  include  the  southern 
parts  of  Lake  and  Sumpter  Counties,  the  northern  part  of  Polk  County,  and 
the  eastern  parts  of  Pasco  and  Hernando  Coimties,  as  shown  in  Figure  2. 

The  eastern  boundary  is  U.  S.  Highway  27,  from  Clermont  south- southeastward 
to  Haines  City.  The  southern  boundaries  generally  coincide  with  divides 
separating  drainage  northward  to  the  Withlacoochee  River  basin  from  drain- 
age southward  to  the  Peace  and  Hillsborough  River  basins.  The  western 
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boundary  is  U.  S.  Highway  301,  northward  from  Dade  City  to  St.  Catherine. 
The  northern  boundary  eirtende  from  St.  Catherine  eaetward  to,  and  along. 
State  Highway  SO  eastward  to  Clermont..  The  boundariea  described  enclose 
an  area  of  approximately  2,  253  square  kilometers  (870  square  miles). 

The  Green  Swamp  is  not  a continuous  expanse  of  swamp  but  a composite 
of  many  sv/amps  that  are  distributed  fairly  uniformly  within  the  area.  Inter- 
spersed among  the  swamps  are  low  ridges,  hills,  and  flatlands.  Several 
large  and  many  small  lakes  of  sinkhole  origin  rim  the  southeastern  and 
northeastern  parts  of  the  area.  Prominent  topographic  features  affecting 
the  drainage  of  the  eastern  part  of  the  area  are  the  alternating  low  ridges 
and  swales.  These  features  trend  generally  north -northwestward  and  ?ire 
parallel  to  the  major  axis  of  the  Florida  peninsula.  In  the  western  part  of 
the  area,  the  main  land-surface  features  are  large  swamps,  flatlands,  and 
rolling  hills.  Most  of  the  swamps  support  good  growths  of  cypress  trees. 

In  the  flatlands  and  uplands,  pine  and  scrub  oak  i ; «es  grow  abundantly.  The 
largest  continuous  expanse  of  swampland  lies  witi..  n the  valley  of  the  Withla- 
coochee  River. 

The  Green  Swamp  area  has  a warm  humid  climate.  The  average  summer 
temperature  is  27^C  (81^F)  and  the  average  winter  temperature  is  16°C 
(61<>F).  About  75%  of  the  135  centimeters  (53  inches)  of  rainfall  per  year 
that  reaches  the  land  surface  in  the  Green  Swamp  area  is  lost  to  evapo- 
transpiration.  The  remaining  25%  recharges  the  underlying  aquifers  and 
replenishes  swamps,  streams,  lakes  and  ponds.  Because  of  the  gradual 
slope  of  the  land  and  the  dense  vegetative  cover,  the  river  basin  systems 
drain  surface  waters  from  the  Green  Swamp  area  very  slowly.  As  a result 
of  this  slow  drainage  process,  surface  waters  remain  within  the  area  for 
extendsd  periods  following  the  rainy  season. 

The  surface  is  mantled  with  a varying  thickness  of  sand  and  clay  which 
comprises  the  nonartesian  aquifer.  Underlying  this  mantle  is  an  intermediate 
unit  of  sandy  clays  and  interbedded  limestone  layers  that,  where  present, 
may  form  a semi -confining  layer  above  porous  marine  limestones  that  under- 
lie and  drain  the  subsurface. 

The  vegetative  associations  and  soil  types  in  the  Green  Swamp  area  can 
best  be  organized  into  three  major  categories;  wetlands,  flatwoods,  and 
uplands. 
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Wetland  plants  and  soils  occur  in  low  wet  areas  which  may  be  inundated 
for  varying  portions  of  the  year  and,  in  the  past,  have  rarely,  if  ever, 
been  burned  by  forest  fires.  The  soils  in  these  areas  are  usually  poorly 
drained  and  high  in  organic  matter  and  often  have  clayey  subsoils.  The 
wetlr.nd  vegetative  associations  within  the  Green  Swamp  area  are  river 
and  creek  floodplains,  cypress  heads,  bayheads,  sloughs,  er.d  freshwater 
marshes. 

The  flatwoods  vegetative  associations  occur  on  low  nearly-level  areas 
with  sandy  strangly-acid  soils  and  a high  water  table.  Periodic  inundation 
auid  saturation  during  the  wet  season  and  the  occurrence  of  fire  during  cer- 
tain dry  seasons  have  molded  vegetative  associationB  which  are  adapted  to 
these  stresses.  These  associations,  known  aj  pine  flatwoods,  have  three 
species  of  pine  as  the  predomimmt  over  story;  longleaf  pine,  slash  pine, 
and  pond  pine.  The  agricultural  modifications  range  in  intensity  from 
rangeland,  where  much  of  the  pine  overstory  and  palmetto  under  story 
remain,  to  improved  pasture. 

The  majority  of  the  upland  soils  are  well-drained  to  excessively-drained 
deep  sandy  soils  that  are  low  in  organic  matter,  strongly  acid,  and  low  in 
fertility.  The  natural  vegetative  associations  found  i a these  soils  are  the 
sandhill  communities,  with  longleaf  pine  and  various  scrub  oak  species, 
and  hammocks,  with  live  oak  and  laurel  oak.  Much  of  thesF^  areas  in  the 
eastern  and  southeastern  portions  of  the  Green  Swamp  have  been  developed 
as  citrus  groves. 

Because  of  the  abundance  of  natural  food,  water,  and  shelter,  a wide 
variety  of  wildlife  populations  are  found  within  the  Green  Swamp.  The 
swamp  also  serves  as  a wintering  ground  and  migratory  stop-over  for 
manv  birds  that  breed  elsewhere  in  North  America.  Endangered  or 
threatened  species  within  the  area  include  the  American  alligator,  bald 
eagle,  osprey,  and  Florida  panther. 

PROBLEM 

The  Green  Swamp  area  is  undergoing  rapid  change  caused  by  logging, 
ofo restation:  alteration  of  natural  drainage  by  canalization  and  ponding; 
burning  and  clearing  for  sod  farming,  improved  pasture,  citrus  farming, 
and  urban  and  industrial  development.  Citrus  production  and  related 


industrial  processing  occurs  in  adjacent  Polk  Cminty,  the  sixth  largest  producer 
of  citrus  products  in  the  world.  There  are  some  sand -mining  operations 
scattered  throughout  the  Green  Swamp.  Phosphate  mining  in  nearby  Polk 
County  produces  24  percoit  of  the  world's  phosphate  supply. 

The  pressure  for  further  development  in  the  Green  Swamp  is  mo\inting 
daily  as  a result  of  its  location  between  three  of  the  fastest-growing  areas 
in  the  state.  The  1980  population  estimate  for  tiie  Orlando  tri-ccunty  area 
is  740,  100  and  for  the  Tampa -Hills  bo  rough  area  is  629,  900,  a populatioi. 
increase  of  63  to  28  percent,  respectively,  for  the  ten-year  period  from 
1970  to  1980. 

The  establishment  of  the  Disneyworld  complex,  located  on  111  square 
kilometers  (27,443  acres)  about  8 kilometers  (five  miles)  east  of  the  Green 
Swanqs,  has  had  the  greatest  impact  on  the  alteration  of  land  use,  economy, 
and  population  growth  in  central  Florida.  Since  1967,  there  has  been  more 
than  300  square  kilometers  (75, 000  acres)  of  agriculture  and  open  land 
purchased  for  development  in  the  Disney  area  between  Orlando  and  the  Green 
Swanq>.  These  developments  are  primarily  tourist  and  residential -oriented. 
Major  tourists  attractions  recently  completed  include  Sea  World  and  Circus 
World.  The  largest  residential  development  underway  is  Poinciana,  a 194 
square  kilometer  (48,000  acre)  development  with  a projected  population  of 
250, 000. 

National,  state,  and  local  government  agencies,  as  well  as  conservationists, 
environmentalists,  and  private  citizens,  are  becoming  increasingly  alarmed 
over  the  potential  loss  of  the  Green  Swamp  to  urbanization.  It  is  now  rez.lized 
that  improper  planning  and  construction  of  new  industrial  and  residential 
areas  in  the  Green  Swamp  can  have  a disastrous  effect  on  this  environmentally- 
sensitive  ar  3a.  In  this  area,  there  is  an  urgent  need  for  environmental 
appraisp's  to  develop  a rational  basis  for  planning  and  controlled  development. 
The  timely  acquisition  and  production  of  maps  and  data  needed  for  this  ap- 
praisal; based  on  the  use  of  conventional  aerial  photography,  photometric 
mapmaking,  and  field  studies;  has  not  been  satisfactory  because  of  the  large 
size  and  complexity  of  the  Green  Swamp. 
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OBJECTIVES 


In  response  to  the  need  for  a timely  and  economical  means  of  acquiring 
the  information  needed  for  the  environmental  appraisal  of  the  Green  Swamp, 
this  investigation  is  to  evaluate  the  suitability  of  using  Skylab  S-192  data 
as  a basis  for  acquiring  Bie  needed  environmental  information.  To  ac- 
complish this  program  objective,  the  Green  Swamp  was  used  as  a laboratory, 
representative  of  many  similar  environmentally  sensitive  areas  throughout 
the  world.  Intermediate  goals  that  were  accomplished  in  achieving  this 
objective  included: 

. Developing  techniques  for  processing  and  analyzing  Skylab  S-192  high- 
density  digital  tapes. 

. Evaluating  relative  spectral  contributions  of  S-192  bands  and  com- 
parirg  with  ERTS  band  to  delineate  land -water  cover  categories  in  the 
Green  Swamp. 

. Evaluating  application  of  automatically -categorized  imagery  for  use  in 
the  environmental  analysis  of  the  Green  Swamp. 

Achieving  these  objectives  would  not  only  contribute  to  the  much-needed 
environmental  survey  of  the  Green  Swamp,  but  would  provide  the  tools  and 
techniques  needed  to  perform  similar  surveys  worldwide. 

DATA  PROCESSING 

The  objectives  of  this  investigation  were  achieved  through  development  and 
application  of  computer  processing  techniques  for  automatic  categorization  of 
land-water  cover  types  from  S-192  data. 

Figure  3 shows  the  elements  of  the  Bendix  Earth  Resources  Data  Center 
used  to  transform  the  high  density  digital  tapes  (HDDT)  into  computer  com- 
patible tapes  (CCTs)  and  image  products.  The  elements  of  this  center  in- 
clude a Digital  Equipment  Corporation  PDP-11/ 15  computer  with  32  K-words 
of  core  memory,  two  1.5  M-word  disk  packs,  two  nine-track  800-bit -per- 
inch  tape  transports,  a high-speed  processor,  a line  printer,  a card  reader, 
and  the  teletypewriter  unit.  Other  units  are  the  color  moving-window  computer- 
refreshed  display,  operator  console,  a glow-modulator  film  rec'  der,  and 
a Gerber  plotter. 
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The  eteps  used  in  the  processing  end  anelysis  of  the  S-192  data  are 
shown  in  Figure  4.  The  steps,  as  noted  in  the  figure,  are  grouped  ii^ 
three  i^ses;  pre-processing,  analysis,  and  processing.  The  pre- 
processing phase  includes  those  works  necessary  to  transform  tiie 
S-192  HDOT  into  a noise-Hltered  linearised  tape,  recorded  in  a standard 
computer-tape  format.  This  phase  also  includes  the  generation  of  single- 
band and  false-color  imagery  to  support  the  analysis  of  S-192  noise  and 
the  location  and  selection  of  land-water  category  training  areas. 

The  analysis  phase  includes  locating  training  areas  representative  of 
each  land -water  category  and  the  develofHnait  and  evaluation  of  the  spectral 
characteristics  and  computer  processing  coefficients  for  each  category. 
This  phase  is  repeated  until  an  acceptable  categorization  accuracy  is 
achieved.  The  output  of  tiie  analysis  phase  is  the  processing  coefficients 
uMch  are  then  used  by  the  computer  to  goierate  nine  and  three -category 
color-coded  land-water  cover  maps  of  the  test  site. 

The  implementation  of  the  processing  phases  and  the  results  achieved 
are  briefly  summarized  in  the  following  paragraphs. 

Pre-Processing  Phase 

Generate  raw  data.  The  13  bands  of  S-192  data  were  provided  by  NASA  as 
a bi-phase  modulated  digital  signal  on  fourteen -track  magnetic  tape  with  a 
10,000  bit-per-inch  (bpi)  packing  density.  Two  bands  are  multiplexed  onto 
one  track  of  the  tape. 

The  first  processing  objectives  were  to  locate  the  HDDT  coordinates  of 
the  data  acquired  on  the  Green  Swamp  test  site  and  to  transform  this  data 
to  a standard  CCT  format.  Coordinate  location  was  established  by  viewing 
the  HDDT  data  on  the  TV  monitor,  as  shown  in  Figure  3,  and  by  generating 
and  analyzing  70-mm  film  of  the  taped  data. 

This  imagery,  although  badly  distorted  geometrically  because  of  the 
conical  scan  pattern,  permitted  the  start  and  stop  scan  lines  bracketing 
the  test  site  to  be  determined.  The  desired  S-192  data  were  then  trans- 
formed from  the  HDDT  to  a standard  CCT  format  having  nine  tracks  with 
800 -bpi  records  in  ASCII  code. 
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Generate  lineTiged  CCT.  - Imagery  produced  from  this  raw  data  CCT 
and  the  HDDT  contains  the  conical-line  scan-pattem  used  by  the  S-192. 
During  the  early  phases  of  the  study*  an  atten^pt  was  made  to  locate 
known  targets*  using  tiie  TV  monitor  and  gray- scale  printouts  where 
the  data  contained  the  conical  pattern.  Identification  of  most  targets  was 
found  to  be  extremely  diffic\tlt  udien  the  pattern  was  present.  To  improve 
the  geometric  fidelity  of  the  S-192  data*  a CCT  whose  data  is  ’’linearized" 
was  generated  from  the  raw  data  tape.  On  this  tape*  the  data  were  re- 
corded as  if  tile  S-192  scans  were  normal  to  the  direction  of  spacecraft 
motion.  For  this  approach*  a straight  line,  normal  to  the  spacecraft 
heading*  was  assumed.  A nearest -neighbor  processing  algorithm  was 
used  to  locate  and  record  on  the  linearized  CCT  the  picture  elements  or 
pixels  that  best  correspond  to  this  line.  A total  of  265  conical  scan  lines 
contributed  pixels  to  tiie  916-pixel  normal  or  lineaiized  line.  Each  pixel 
on  the  linearized  line  represents  a ground  coverage  of  approximately 
79  by  79  meters  (260  by  260  ft  or  1.676  acres).  The  line  length  or  swath 
width  covers  72.4  kilometers  (39.  1 n.  miles).  Although  the  data  resulting 
from  this  processing  step  are  geometrically  very  good*  some  resi<hial 
distortions  remain,  such  as  one  resulting  from  earth  rotation  efiects. 

To  date,  the  removal  of  residual  errors  from  the  data  has  not  been  con- 
sidered by  this  study. 

Generate  linearized  imagery.  - Imagery  was  produced  from  the  linearized 
CCTs  to  support  studies  of  i»ise  in  the  S-192  bands  and  to  aid  in  locating 
known  ground  truth  areas.  The  production  of  film  imagery  at  this  inter- 
mediate stage  was  not  an  essential  task*  but  a supportive  one,  since  all 
bands  and  combinations  of  bands  could  also  be  viewed  on  the  color  TV 
monitor. 

Figure  5 shows  a 72.4  by  100  kilometer  (39.  1 by  54.0  n.  mile)  area  of 
Florida  in  each  of  the  13  S-192  bands.  Atmospheric  parameters  and  noise 
factors  degrade  the  quality  of  the  imagery  to  some  degree.  A study  of  these 
factors  has  revealed  the  following  information: 

Atmospheric  effects:  In  Band  1,  low  atmospheric  transmission  and 

backscatter  of  the  sunlight  from  the  atmosphere  (path  radiance)  reduce 
the  contrast  of  the  scene. 

Detector  noise:  A very  low  frequency  (f)  1/f  noise  is  very  apparent  in 

thermal  Band  13. 
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Cooler  pistcm  noise:  This  naise  is  most  noticeable  in  Band  5.  The 

noise  has  a fundamental  frequency  in  the  range  of  16  to  18  Hz  (a  period 
of  about  six  scan  lines). 

Power  inverter  noise:  This  noise  ptoduces  a herringbone  pattern,  has 

a fundamental  frequency  of  22.413  kHz,  and  is  most  noticeable  in  Band  4. 
The  noise  is  also  observed  in  Bands  1,  2,  3,  5,  7,  and  8. 

Sync  drop-outs:  This  noise  is  most  noted  near  the  center  of  the  image 

in  Bands  11  and  12.  Poor  signal -to -noise  ratio  on  the  HDDT  sync  signal 
causes  CCT  generation  to  skip  the  video  areas.  This  is  most  easily 
observed  in  Bands  11  and  12. 

Fast  Fourier  transform  (FFT)  techniques  are  being  used  to  determine 
exact  noise  frequencies.  Digital  sinnilation  of  notch  filters  and  other 
techniques  are  being  developed  and  applied  to  data  to  filter  some  noise 
frequencies. 

Figure  6 shows  a side-by-side  comparison  of  false  color  composite 
images  using  three  S-192  bands.  The  image  on  the  right  side  in  the  figure 
was  produced  using  S-192  Bands  4,  5,  and  8.  As  noted  in  Table  1,  these 
bands  correspond  approximately  to  LANDSAT  MSS  Bands  4,  5,  and  7.  The 
false  color  image  on  the  left  side  of  the  figure  was  generated  from  S-192 
Bands  3,  6,  and  11.  It  is  significant  to  note  that  this  spectral  combination 
produced  imagery  of  the  test  site  which  was  far  superior  to  that  available 
with  the  ERTS  bands.  Band  11,  as  will  be  noted  later,  contributed  more 
than  any  other  band  to  the  automatic  categorization  of  the  Green  Swamp 
land-water  cover  types. 

Analysis 

Land-water  cover  types  that  represent  environment  categories  for  the 
interpretation  and  appraisal  of  environmental  conditions  in  the  Green  Swamp 
were  established  on  the  basis  of  combining  field  studies  with  analysis  of 
S-192  data.  The  initial  objective  was  to  automate  the  categorization  of 
wetland,  pine  flatwood,  and  uplands  with  a categorization  accuracy  which 
would,  as  a minimum,  satisfy  Anderson's  first  criterion  (Ref  3)  of  90  per- 
cent or  more. 
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Locate  training  *re*».  - The  first  taak  was  to  locate  and  designate  to  the 
counter  a number  of  S-192  picture  el^nents  or  pixels  tiiat  best  typified 
the  land-water  categories  of  interest,  the  “training  areas".  These  areas 
of  known  characteristics  were  established  from  aerial  photographs  and 
ground  survey  data  and  were  located  on  the  S-192  CCTs  by  viewing  the 
taped  data  on  the  TV  monitor.  The  coordinates  of  the  training  areas  were 
designated  to  the  computer  by  placing  a rectangular  cursor  over  the  desired 
area  and  assigning  a training  area  designation,  category  code,  and  color 
code.  Several  training  areas  were  picked  for  each  category.  The  color 
code  is  used  in  later  playback  of  the  tapes  when  the  computer-categorised 
data  is  displayed  in  the  designated  colors. 

Develop  processing  coefficients.  - The  S-192  spectral  measurements  within 
the  training  area  boundanes  were  edited  by  the  computer  from  fiie  CCT  and 
processed  to  obtaiin  a numerical  descriptor  to  represent  the  “spectral  char- 
acteristics" (computer  processing  coefficients)  of  each  land-water  category. 
The  descriptors  included  the  mean  signal  and  standard  deviation  for  each 
S-192  band  and  the  covariance  matrix  taken  above  the  origin.  These  de- 
scriptors were  then  used  to  generate  a set  of  “canonical  coefficients". 

This  program,  previously  reported  by  Dye  (Ref  4),  derives,  for  each 
category,  a set  of  canonical  coefficients.  In  the  automatic  categorization 
processing,  these  coefiicients  are  used  by  the  computer  to  form  a linear 
combination  of  the  S-192  measurements  to  produce  a "canonical  variable" 
whose  amplitude  is  associated  with  the  probability  of  the  \inknown  measure- 
ment being  from  the  target  sought. 

In  categorization  processing,  the  probability  of  an  S-192  pixel  arising 
from  each  one  of  the  different  land -water  categories  of  interest  is  computed 
for  each  pixel  and  a decision,  based  on  these  computations,  is  reached.  If 
all  probabilities  are  below  a threshold  level  specified  by  the  operator,  the 
computer  is  permitted  to  decide  that  the  category  viewed  is  unknown,  "un- 
categorized". 

Evaluate  selection  of  training  areas  and  processing  coefficients.  — Before 
producing  categorized  data  on  a large  amount  of  S-192  data,  a number  of 
tests  were  applied  to  evaluate  the  computer's  capability  of  performing  the 
desired  interpretation.  The  tests  include  generating  categorization  accuracy 
tables  similar  to  tnose  shown  in  Table  n and  viewing  the  processed  results 
on  the  TV  monitor. 
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Selection  of  training  areas,  generation  of  accuracy  tables,  and  evalu- 
ation of  processing  results  using  computer  printouts  and  the  TV  monitor 
were  iterative  operations.  To  obtain  accurate  categorisation  of  wetlands, 
pine  flatwoods,  and  uplands,  nine  subcategories  with  corresponding  training 
areas  were  established  and  tilien  merged  in  the  computer  to  define  the  three 
major  categories.  As  noted  in  the  accuracy  table.  Table  II,  the  wetland 
category  is  composed  of  subcategories:  cypress,  water,  fresh  water  marsh, 
bayheads,  and  mixed  wetlands.  The  pine  flatwoods  category  is  composed  of 
improved  pasture,  mixed  pailmetto,  and  pine.  The  upland  category  is  com- 
posed of  citrus.  A number  of  training  areas  were  picked  for  each  sub- 
category to  obtain  a representative  spectral  representation  for  the  com- 
posite. 

The  computer  categorization  accuracy  achieved  on  the  subcategories 
were  established  by  analysis  of  the  accuracy  tables  and  by  viewing  the 
computer  decisions  which  were  displayed  as  color  codes  on  the  TV  monitor. 
Table  II  indicates  that  all  categories  were  correctly  categorized  over  86 
percent  of  the  time.  It  is  also  noted  in  tiie  table  that  a small  percentage 
of  wetlands  will  be  categorized  as  pine  flatwoods  but  not  visa  versa.  It  is 
also  observed  that  there  is  no  confusion  betwem  pine  flatwoods  amd  uplands. 
The  computer  decisions  were  also  displayed  on  the  TV  monitor,  verified 
with  ground-truth  data,  and  found  to  be  triily  representative  of  land-cover 
conditions  in  the  Green  Swamp  area. 

Good  ground  truth  was  found  to  be  essential  for  locating  training  areas 
and  verifying  categorization  accuracy.  We  used  LANDSAT-1  imagery.  Skylab 
and  U-2  photography,  imagery  from  light  aircraft  and  helicopters,  and  data 
from  field-trips  by  jeep.  The  best  ground  truth  data  were  fotmd  to  be 
photographically  acquired  by  Skylab,  U-2,  and  helicopter  surveys. 

Bond  Coiltribution  Factors.  - One  of  the  by-products  of  the  canonical  analysis 
program  (Ref  5)  is  a figure  of  merit  that  specifies  the  relative  importance 
of  eacr  S-192  band,  i.  e. , its  contribution,  to  separating  each  category  from 
all  other  categories.  Figure  7 shows,  graphically,  the  importance  of  each 
band  for  all  land-water  categories  considered  in  the  Green  Swamp  study. 
Band  11  contributed  most  in  categorizing  all  cover  types  in  the  Green  Swamp 
except  pine.  In  categorizing  pine.  Band  8 was  most  significant.  Band  8 
was  the  second  most  important  band,  when  considered  over  all  categories, 
with  Bands  13  and  7 sharing  the  role  of  third  most  important  band. 
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Proce88in£ 

When  satisfaction  with  the  categorization  accuracy  was  achieved  on 
the  nine  subcategoriea,  the  processing  coefficients  were  placed  into  the 
computer  disk  file  and  used  to  process  that  portion  of  the  CCT  covering 
the  Green  Swamp,  approximately  1>  562  scan  lines.  This  first  step  in  the 
categorization  processing  resulted  in  new  or  categorized  CCTs,  where 
each  S-192  pixel  is  represented  by  a code  designating  one  of  the  nine  sub- 
categories. This  tape  was  later  used  to  generate  three  and  nine-category 
imagery,  and  as  a medium  to  store  the  interpreted  information  on  the 
study  areas.  Computer -generated  area  measurement  tables  were  also 
edited  from  this  tape  to  determine  the  areal  extent  of  each  category. 

Area  Measurement  Table  - The  area  measurement  table.  Table  III,  is 
the  first  real  data  product  usefvd  to  land-use  planning.  This  table  pro- 
vides a quantitative  measure  of  the  amoimt  of  land  that  falls  within  a 
particular  category  in  terms  of  square  kilometers,  acres,  and  percent 
of  the  total  area  processed. 

A review  of  the  area  printout  shows  that  the  wetlands  category  covers 
29.  76  percent  (2,  398.  2 square  kilometers)  of  the  Green  Swamp  test  area. 

The  remainder  of  the  area  is  approximately  equally  divided  between  pine 
flatwoods  and  uplands.  The  single  most  dominant  subcategories  are  citrus 
(2, 158.9  square  kilometers),  mixed  palmetto  (1,824.6  square  kilometers), 
and  cypress  heads  (1,318.6  square  kilometers). 

Obtaining  similar  area  coverage  tables  from  additional  overflights  on 
the  test  area  would  permit  the  environmental  changes  of  the  land  to  be 
determined. 

Categorized  Imagery  - The  categorized  tape  was  also  used  to  generate  three- 
category  and  nine-category  color-coded  imagery  of  the  Green  Swamp,  in 
which  a color  denotes  a specific  land-water  category. 

The  categories  and  corresponding  colors  used  in  the  nine-category  imagery 
follows.  The  code  following  the  color  relates  the  category  to  those  defined 
by  USGS  Circular  671  (Ref  6) . 
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WETLANDS  05,  06 


. BLUE.  05-01,  02.  03.  Water,  lakes,  ponds,  and  streams. 

. LIGHT  BLUE.  06-01,  02.  Fresh  water  marshes  and  bogs. 

. TURQUOISE.  06-01,  02.  Bayheads,  marshes,  and  bogs* 

• LIGHT  GREEN.  06-01;  05-01.  Cypress  heads  and  sloughs. 

. PURPLT^,  06-01.  Mixed  wetlands,  bayheads.  bogs,  and  creek  flood 
plains  with  mixed  hardwoods  and  palms. 

PINE  FLATWOODS  03,  02 

. GREE^,  03-01.  02;  02-01.  Mixed  palmetto,  and  natural  rangeland. 

. DARK  GREEN.  02-01;  03-01,  02.  Improved  pasture,  managed  range- 
land,  and  sod  farms. 

• YELLOW.  04-02.  Pine,  managed  and  reforested. 

UPLANDS  02,  07,  01,  (02.  03,  05,  06) 

• orange,  02-01,  02;  07-03;  01-01.  04.  05.  Citrus,  sandhills, 
extractive  earth  (gravel  pits,  construction  sites,  and  other  areas 
of  disturbed  or  bare  earth)  residential,  and  transportation. 

UNCLASSIFIED 


* black.  This  category  includes  all  targets  that  do  not  exceed  the 
probability  thresholds  established  by  the  investigator. 

Figure  8 shows  the  nine-category  image  together  with  ground-truth  photo- 
graphs of  typical  training  areas  representative  of  the  wetlands,  pine  flat- 
wood,  and  uplands.  The  central  portion  of  the  Green  Swamp  is  observed 
in  the  categorized  image  to  be  comprised  mainly  by  the  colors  blue,  light 
blue,  turquoise,  light  green,  purple,  green,  and  dark  green,  representing 
the  wetlands  and  pine  flatwood  categories.  The  borders  are  predominantly 
orange.  To  the  north  and  west,  the  north -northwestern  trending  ridges  are 
observed  as  strips  of  orange,  alternating  with  blues  and  greens  to  the  east. 
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From  analyait  of  the  categorized  imagery,  the  Gr^en  Swamp  ia  a wet- 
lands and  pine  flatwood  basin,  bordered  at  the  northwest  and  west  by 
uplands.  The  southwestern  boundary  is  mainly  a mixture  of  uplands  and 
pine  flatwoods  that  grades  into  a series  of  alternating  north -no  rthwestward- 
trending  upland  ridges  and  pine  flatwoods,  and  wetland  swales  to  the  east 
that  are  disected  by  river  drainage  valleys  of  the  Withlacoochee  and 
Hillsborough  Rivers. 

To  produce  the  three -category  image  of  wetlands,  pine  flatwoods,  and 
uplands,  as  shown  in  Figure  9,  the  subcategories  are  merged  in  the  com- 
puter and  imaged  in  the  three  colors;  blue  denoting  wetlands,  green  denoting 
pine  flatwoods,  and  red  denoting  uplands.  Black,  in  the  nine  and  the  three- 
category  ixnage,  represents  uncategoxlzed  land  cover. 

The  categories  and  corresponding  colors  used  in  the  three  category 
imagery  follow: 

WETLANDS 

BLUE.  Composite  of  water,  fresh  water  marshes,  bayheads,  cypress 
heads,  mixed  marshes,  and  other  wetland  categories.  Mostly  wet. 

PINK  FLATWOODS 

GREEN.  Composite  of  natural  to  managed  rangeland,  improved  pasture, 
and  reforested  areas.  Mostly  wet  to  poorly  drained. 

UPLANDS 

RED.  Composite  of  sandhills,  citrus  groves,  extractive  earth,  and  other 
areas  of  residential,  disturbed,  or  bare  earth.  Mostly  well  drained. 

UNCATEGORIZED 

BLACK.  This  category  includes  all  targets  that  do  not  exceed  the  prob- 
ability thresholds  established  by  the  investigator. 

Because  of  the  edge  effect  in  the  photographic  processing  of  the  com- 
posites of  separates  of  black  and  white  negatives  assigned  to  represent  the 
computer-generated  pine  flatlands  and  uplands  categories,  a yellow  bloom 
was  developed.  The  yellow  bloom  border  actually  shows  where  approximately 
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equal  portions  of  pine  flatwoods  and  uplands  s)M>uld  occur.  This  edge  effect 
also  causes  a light  blue  bloom  where  pine  flatwood  and  wetland  categories 
are  mixed.  The  light  blue  areas  are  mainly  gradational  downslope  from 
pine  flatwood  areas  to  wetlands  and  are,  consequently,  wetter  and  more 
subject  to  frequent  flooding  than  the  green  color-coded  pine  flatwood  category. 

The  three -category  image  demonstrates  the  ooorly-drained  basin  char- 
acteristics of  the  Green  Swamp,  A basin  of  wetland  and  pine  flatwood 
categories;  color-coded  blue  and  green,  respectively;  are  bordered  mainly 
by  well-drained  uplands,  coded  red.  Consequently,  the  Green  Swamp  is 
a large,  broad,  and  relatively  flat  swamp,  composed  mainly  of  wet  to 
poorly-drained  wetlands  to  die  north  and  poorly-drained  to  moderately- 
drained  pine  flatwoods  to  the  south. 

CONCLUSION 

Because  the  Green  Swamp  basin  is  predominantly  wetlands  and  pine 
flatwoods  and  since  these  categories  are  wet  to  poorly -drained,  planners 
and  developers  will  encounter  periodic  flooding  and  drainage  problems  in 
the  central  portion  of  the  Green  Swamp.  Developm«it  for  optimum  drainage 
is  somewhat  limited  to  the  upland  categories  around  the  borders  of  the 
Green  Swamp  which  occur  as  .-sandhills  and  ridges,  with  intermittent  sink- 
hole lakes,  and  swampy  areas. 

Skylab  S-192  data  provide  a useful  tool  for  synopl'c  appraisal  of  land- 
cover  types  and  environmental  analysis  that  could  provide  developers  and 
planners  with  an  overview  of  development  problems  that  they  may  encounter 
in  large  and  complex  areas  such  as  the  Green  Swamp. 

Primarily  because  of  the  addition  of  bands  at  longer  wavelengths,  the 
S-192  data  appear  to  be  more  useful  for  delineating  categories  in  the  Green 
Swamp  than  LANDSAT  • 1 data. 

Those  Skylab  S-192  bands  that  are  most  useful  for  delineating  land- 
water  cover  categories  in  the  Green  Swamp  area  are  as  follows:  Band  11 
most  significant,  Band  8 second -most  significant,  and  Bands  7 anu  13  are 
third-most  and  similar. 
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Because  of  the  additional  spectral  resolution  available  in  the  S-192 
data,  it  is  possible  to  categorize  conoplex  areas,  such  as  the  Green 
Swamp,  with  great  accuracy,  provided  the  Investigator  has  the  adequate 
ground  truth  needed  to  establish  the  many  subcategories  and  to  merge  them 
into  logical  composites. 


RECOMMENDATIONS 

Categorization  accuracy  tables  and  imagery  should  be  generated  from 
noise -filtered  S-192  data  using  the  training  areas  defined  by  this  study. 
Comparisons  should  then  be  made  with  the  non-filtered  data  to  establish 
the  value  of  noise  filtering. 

To  have  transfer  value,  the  techniques  and  knowledge  developed  by  this 
investigation  should  be  applied  to  other  areas  of  the  world  where  Skylab 
S-192  data  are  available.  There  should  be  included  in  this  selection  of 
additional  test  sites  another  wetlands  area,  an  arid  environment  site,  and 
possibly  a glacial  site. 

The  spatial  resol  ution  of  the  S-192  data  should  be  investigated  further 
to  establish  needs  ' wetlands  categorization  and  mapping. 

Those  bands  that  contribute  most  significantly  to  categorizing  land- 
cover  types  in  the  Green  Swamp  test  site  should  be  selectively  used  to 
determine  the  value  of  selecting  fewer  bands  for  automatic  processing. 
This  should  be  particularly  important  to  guiding  the  selection  of  bands 
for  future  space  instruments. 

The  geometric  quality  of  the  categorized  inuigery  should  be  further 
evaluated.  One  procedure  for  accomplishing  this  would  be  to  generate 
categorized  map  overlays  (Ref  7)  and  to  compare  the  overlay  data  to  base 
maps  and  aerial  photographs. 
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Table  I 

smrtAB  8-m  and  l^^sat-i  mss  b^ds 


S>l 

92 

LANDSAT-I  1 

Band 

Band  Ns> 

BMd  Ho. 

(Micron*) 

1 

0.41  • 0.46 

2 

0. 46  • 0.  SI 

S 

0.  S2  . 0.  S6 

4 

0.  S6  . 0.  61 

4 

5 

0. 62  . 0. 67 

5 

i 

0.68.  0.76 

6 

1 

0.78.  0.88 

• 

0.98.  1.08 

7 

0.8  ■ 1.  1 

9 

1.09.  1.19 

10 

1.20.  1.10 

11 

1.55.  1.75 

12 

2.10.  2.15 

11 

10.2  . 12.5 

Table  II 


categorization  accuracy  table  used  to 

EVALUATE  SELECTION  OF  TRAINING  AREA 


C*t*fory 

Subcateiery 

Category  Number  1 

1 

2 

1 

a 

5 

6 

B 

Hi 

9 

Wetlands 

1. 

Cypress 

86 

0 

1. 1 

0 

4.  J 

0 

0.6 

7.6 

0 

2. 

Water 

0 

100 

0 

0 

0 

0 

0 

0 

0 

1. 

Fresh  Water  Marsh 

0 

0 

100 

0 

0 

0 

0 

0 

0 

4. 

Bayhead 

0 

0 

0 

0 

0 

1 

0 

0 

5. 

Mixl’cl  W«!lindR 

11.  5 

0 

0 

0 

88.  5 

0 

0 

0 

0 

Pine  riatwoodi 

6. 

Improved  Pasture 

0 

0 

0 

0 

0 

2 

0 

0 

7. 

Mixed  Palmetto 

0 

0 

0 

0 

0 

0 

94 

6 

0 

8. 

Pine 

0 

0 

0 

0 

0 

0 

0 

lOP 

0 

Uplands 

9. 

Citrus 

0 

0 

0 

0 

0 

0 

0 

0 

100 
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Table  III 


AUTOMATIC  TABULATION  OF  CATEGORY  AREAS 


Major 

Category 

Subcategory 

Percent 
of  Total 
Area 

Square 

Kilometers 

Acres 

Wettands 

Cypress  Heads 
Water 

Fresh  Water 
Marsh 
Bayheads 
Mixed  Wetlands 

16.36 

3.83 

4. 43 
2.  06 
3.08 

1,318.6 
, 308. 9 

356.8 

165.8 
248. 1 

325,852 
76.  327 

88. 167 
40, 977 
61,306 

Wetlands 

Sunnmary 

29.76 

2.  398. 2 

592.  629 

Pine  Flat- 
woods 

Improved  Pasture 
Mixed  Palmetto 
Pine 

5.  08 
22.  64 
5.  17 

408.7 

1,824.6 

416.6 

100,984 

450,894 

102.958 

Flatwoods 

Sumniiary 

32.89 

2,649.9 

654,836 

Ufdands 

Citrus 

26.  79 

2,  158.9 

533,486 

Uncategorized 

10.  56 

850.7 

210,  222 

Total 

100.  00 

8.  057.7 

1,  991,  173 

Note;  One  S-192  pixel  = 1.  676  acres. 


497 


Fiaure  2 Green  Swamp  Tesf  Site,  Showing  Major  Surface  Water 
Drainage  Basins  and  Cejn'ral  Direction  of  Surface  Water  Flow 
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• Color  Cocir’d  Imagery 
Applications  • Area  Printout  Tables 

• Map  Owriuvs 


Figure  4 Processlnsi  and  Analysis  of  Skylab  S-192 
High  Dt .nsity  Digital  Tapes 
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SKxiM  %%92  mtkmmY  of  thi  florid 

Sl/2  f-6  l*ASS  10,  JUNI  13,  1973 


Figure  5 Skylab  S-192  Imagery  of  the  Florida  Green  Swamp 

SL/2  T-6  Pass  10,  13  June  1973 


Composite  Using  S-192 
Bands  3,  6,  and  1 1 


Figure  6 Color  Composite  Im:js?es  < 
Showing  Advantages  of  Usini 

Differing  from  LAN 


Composite  Using  S-192 
Bands  4,  5,  and  8 
(E  RTS-1  Equivalent) 


•>f  SkylabSL/2,  S-192  Bands: 
; Soeetrel  Combinations 

DSAT-1  Bands 


LANDSAT  Bands 


Figure  7 Relative  Band  Contribution  of  Skylab  S-192  Bands 
for  Automatic  Categorization  of  Land-Water  Cover  Types 
of  the  Green  Swamp,  Florida 
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Uplands  - Wetlands 


Composite  Image 


Pine  Flat  woods 


Figure  8 Nine-Category  Image  from  Skylab  S-192  Data 
and  Examples  of  Ground  Truth  Areas 


Wetlands  - Pine  Flatwoods 


to  Moderately  Wet) 


Composite  Ima^ 


Uplands  - Red 
{Mostly  Well  Drained) 


Figure  9 Three- Category  image  from  Skylab  S~  192  data 
showing  wetlands,  pine  flatwoods  and  iiplandSi 
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A COMPARATIVE  INTERREGIONAL  ANALYSIS  OF  SELECTED  DATA  FROM  LANDSAT-1  E-16 

AND  EREP  FOR  THE  INVENTORY  AND  MONITORING  OF  NATURAL  ECOSYSTEMS 

By  Charles  t.  Poulton,  Earth  Satellite  Corporation, 

Berkeley,  California 


ABSTRACT  ^76-17500 

The  paper  presents  comparative  statistics  on  the  capability  of  LANDSAT-1  and  three 
of  the  Skylab  remote  sensing  systems  (S-190A,  S-190B,  and  S-192)  for  the  recognition  and 
inventory  of  analogous  natural  vegetations  and  landscape  features  that  are  important  in 
resource  allocation  and  management.  Investigations  were  conducted  in  two  analogous 
regions  presenting  vegetational  zonation  from  salt  desert  to  alpine  conditions  above  tim- 
berline. The  visual  interpretation  moue  was  emphasized  in  the  investigation.  An  hierar- 
chical legend  system  was  used  as  the  basic  classification  of  all  land  surface  features. 
Given  adequate  ground  truth  and  a knowledge  of  what  to  expect  ecologically  within  each 
region,  it  was  possible  to  map  and  identify  many  features  to  the  fourth  hierarchical 
(first  floristic)  level  in  the  classification  system.  Fourth  level  decisions  were,  how- 
ever, strongly  based  on  recognizing  associated  features  and  convergence  of  evidence. 
Identifications  at  second  and  third  levels  (physiognomic  and  structural  criteria)  were 
generally  photo  identifiable  by  knowledgeable  interpreters.  Comparative  tests  were  run 
on  image  identifiability  with  the  different  sensor  systans,  and  mapping  and  interpretation 
tests  were  made  both  in  monocular  and  stereo  interpretation  with  all  systems  except  the 
S-192.  Significant  advantage  was  found  in  the  use  of  stereo  from  space  when  image 
analysis  is  by  visual  or  visual -machine-aided  interactive  systems.  Some  cost  factors  in 
mapping  from  space  are  identified.  The  various  image  types  are  compared  and  an  opera- 
tional system  is  postulated. 


INTRODUCTION 


The  project  we  are  reporting  today  had  its  origin  with  investigations  which  the 
author  and  his  associates  conducted  starting  with  Gwini  IV  and  Apollo  VI  and  IX  experi- 
mental earth  resources  photogfephy.  During  these  investigations  work  was  begun  on  a 
uniform  system  for  the  inventory  ana  monitoring  of  vegetational  resources  and  natural 
environmental  complexes  by  appropriate  combinations  of  space,  aircraft  imagery,  and  ground 
work.  The  research  was  continued  through  the  LANDSAT-1  experiment  and  into  Skylab  for 
the  purpose  of  further  development  and  refinement  of  the  uniform  system  for  interregional 
application  and  to  make  comparative  tests  of  three  of  the  sensor  systems  aboard  Skylab. 

Our  working  hypothesis  has  been  that  analogous  vegetations  and  environmental  com- 
plexes should  have  sufficiently  analogous  remote  sensing  signatures  (at  some  appropriate 
level  of  classification)  that  they  could  be  recognized  widely  throughout  a region  and, 
hopefully,  in  each  of  many  ••egions  from  subject-image  relationships  worked  out  at  a few 
representative  locations.  Given  appropriate  image  quality  control  or  radiometric  fidelity, 
we  have  been  able  to  accept  this  hypothesis  as  operationally  feasible  at  various  specified 
levels  of  classification  in  the  hierarchical  legend  system  we  have  been  using  to  charac- 
terize the  vegetation-landform  svstems  that  comprise  the  ecosystem  units  of  the  earth's 
land  mass.  Other  work  by  Earth  Satellite  Corporation  outside  this  project  has  also  pro- 
vided the  opportunity  successfully  to  apply  the  concepts  on  a global  basis— on  four 
continents. 

Space  technology  now  permits  us  to  acquire  both  operationally  useable  photography  and 
multi  spectral  scanner  data  from  space--the  former  with  very  good  spatial  resolution  and 
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the  latter  with  very  good  radiometric  fidelity.  Such  imagery  is  appropriate  to  a broad 
spectrum  of  natural  resources  applications.  It  has  given  us  the  particular  capability: 

1 . To  image  and  analyze  vast  areas  of  the  globe  in  a very  short  period  of 

time, 

2.  To  obtain  very  broad  synoptic  coverage  and  thus  to  transcend  boundaries 

of  agency  and  ownership  responsibility  and  even  of  political  jurisdiction, 

0 To  view  both  multidate  and  multispectral  scenes  simultaneously  in 
reaching  interpretive  decisions  about  earth  resources,  and 

4.  To  put  earth  resources  and  their  use  in  a vivid,  pictorial  perspec- 
tive provided  that  regional,  national,  or  global  systems  of  identifi- 
cation and  annotation  are  developed  and  used. 

Historically  man  has  evaluated  and  planned  the  development,  use,  and  management  of 
earth  resources;  first  from  the  highly  restrictive  view  provided  by  ground  observation, 
then  from  the  substantially  improved  perspective  of  conventional  aerial  photography,  and 
most  recently  from  the  still  broader  perspective  obtainable  from  an  earth-orbiting 
spacecraft.  Also,  historically  speaking,  the  earth  resources  themselves  have  been 
managed  quite  restrictively  by  a multiplicity  of  government  and  private  interests  and, 
particularly,  in  the  United  States  with  each  having  its  own  local  or  restricted  regional 
point  of  view.  Consideration  of  resource  problems  in  the  context  of  small -to-major 
watersheds  is  about  as  close  as  we  have  traditionally  come  to  development  of  a broad 
synoptic  view  of  problems  and  their  interrelationships.  In  this  context,  it  has  neither 
been  necessary  to  develop  a unified  procedure  for  the  identification  of  earth  resource 
features  across  broader  regions,  nor  a truly  national  or  global  legend  for  their  iden- 
tification and  annotation.  Each  agency,  landowner,  or  river  basin  commission  could 
achieve  its  stated  objectives  by  developing  its  own  techniques  and  legends,  largely 
independent  of  the  views  and  need  for  coordination  with  others.  After  all,  the  project 
boundary  seemingly  was  the  true  limit  of  concern. 

When,  on  the  other  hand,  we  consider  the  ever-increasing  dependence  of  one  region 
or  nation  on  another  for  food,  fodder,  fiber,  and  minerals  and  also  for  environmental 
protection,  this  limit  of  concern  broadens  commensurately.  It  is  in  this  context  that 
remote  sensing  from  an  earth-orbiting  spacecraft  assumes  its  greatest  potential  sigr’- 
ficance.  The  synoptic  view  offered  from  such  a platform  makes  it  possible  for  a single 
unified  legend  system  and  identification  method  to  be  applied  across  all  ownerships 
throughout  a vast  area  and  then  to  draw  together  what  each  responsible  agency  knows  into 
a common,  integrated  data  base— much  of  which  can  be  pictorial ly  portrayed  on  a space- 
derived  image  or  mosaic.  It  becomes  even  more  appropriate  in  this  setting  to  take  an 
ecological  approach  to  resource  inventory  and  environmental  monitoring  when  relating  each 
kind  of  resource  area  to  its  land  use  potential  and  management  requirements.  It  has  been 
my  purpose  through  these  almost  9 years  of  applications  research  to  contribute  to  these 
kinds  of  goals  and  capabilities. 

The  specific  objectives  of  the  investigation  now  being  reported  are: 

a.  Further  test  and  refine  a uniform,  hierarchical  classification  and  legend 
system  for  the  identification  of  natural  vegetation  and  land  surface 
characteristics  from  space  and  aircraft  imagery, 

b.  Specify  potentialities  and  limitations  of  the  uniform  legend  concept  for 
multistage,  interregional,  and  potential  global  application  and  define  the 
kinds  of  analogs  that  can  and  cannot  be  interpreted  from  the  various  types 
of  space  imagery. 
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c.  Evaluate  the  contribution  of  stereo  interpretation  o^  space  Imagery  to 
the  accuracy  of  delineation  and  identification  and  for  Increasing  the 
specificity  of  interpretable  analogs. 

d.  Evaluate  the  effect  of  spatial  resolution  on  interpretability.  and 

e.  From  comparative  studies  of  stacked  data  over  the  same  test  sites, 
postulate  an  efficient  multistage  system  for  inventory  and  monitoring 
of  natural  ecosystems  and  man's  impact  upon  them. 


TEST  REGIONS 


To  investigate  problems  implied  by  these  objectives,  we  selected  two  widely  separated 
test  regions  in  the  two  major  mountain  chains  of  western  North  America  (Figure  1)— the 
Colorado  Plateau  of  southwestern  Colorado  and  adjacent  states  and  the  Sierra-Lahontan  of 
California  and  adjoining  Nevada  in  the  vicinity  of  Eastgate  to  Reno,  Nevada  and  Lake 
Tahoe.  The  approximate  local  extent  and  shape  of  each  test  region  is  shown  in  Figure  2. 
Each  of  these  test  regions  presents  an  analogous  sequence  of  vegetational  types  from  the 
salt  desert  to  rocklands  above  timberline. 


The  Colorado  Plateau  Test  Region 

This  test  region  includes  vegetation  zonation  patterns  highly  similar  to  the  Sierra- 
Lahontan  with  many  vegetation  analogs  as  well  as  a few  vegetation  types  unique  to  its 
surrounding  area  (Figure  2).  The  zonation  pattern  within  the  Colorado  Plateau  Test  Region 
is  from  the  salt  desert  (Atriplex  dominant)  zone,  through  the  sagebrush* or  shrub  steppe, 
pi nyon- juniper,  oakbrush,  ponderosa  pine,  to  aspen  and  spruce-fir,  with  some  essentially 
alpine  vegetation  associated  with  the  high  mountain  rocxlands  above  timberline.  A mixed 
coniferous  type  (Douglas  fir,  true  fir,  and  ponderosa  pine)  occurs  in  the  area,  but  it 
is  generally  restricted  to  northerly  aspects  in  the  intermediate  and  upper  elevations  of 
the  ponderosa  pine  zone.  The  spruce-fir  zone  is  well-defined  immediately  below  timber- 
line.  The  two  regions  are  contrasted  particularly  In  the  high  preponderance  of  the 
deciduous  Gambel  oakbrush  type  of  the  Colorado  Plateau  with  very  limited  distribution  of 
sclerophyllous  shrub  types,  such  as  manzanita. 

The  area  has  important  geologic  and  mineral  significance  but  in  these  respects  is 
strongly  contrasted  to  the  Sierra-Lahontan.  There  are  rather  extensive  areas  of  irri- 
gated agriculture  heavily  oriented  to  livestock  ranching.  Forestry,  mining,  recreation, 
and  wildlife  are  important  in  the  region.  This  test  area  includes  parts  of  two  Indian 
reservations  and  large  amounts  of  Bureau  of  Land  Management  and  federal  Forest  Service 
land. 


The  Sierra-Lahontan  Test  Region 

Direct  analogs  with  the  Colorado  Plateau  Test  Region  occur  here.  They  are  found 
in  the  salt  desert  zone,  the  sagebrush  or  shrub  zone,  the  pinyon-juniper  cone,  and  also 
in  the  Jeffrey  pine  zone,  which  is  analogous  with  the  ponderosa  pine  zone  of  the  Colorado 
Plateau.  In  the  Sierra-Lahontan  Test  Region,  the  spruce-fir  zone  is  not  distinctive  as  in 
southwestern  Colorado.  The  spruce-fir  of  the  latter  test  area  is  ecologically  but  not 
floristically  analogous  to  the  mountain  hemlock  types  below  timberline  in  the 


*For  scientific  names  of  important  species  see  the  Table  of  Analogs,  Appendix  A. 
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Sierra-Latontan  Test  Region.  One  might  expect  the  signatures  of  these  two  types, 
however,  to  be  similar.  In  the  latter  area,  the  sclerophyllous  shrub  type  predominates 
in  most  of  the  forest  openings,  and  Gambel  oakbrush  is  entirely  absent.  Deciduous  oak 
trees  are,  however,  present  in  the  Jeffrey  pine  zone.  This  is  in  floristic  contrast 
with  the  common  occurrence  of  Gan^el  oak  in  the  understory  of  ponderosa  pine  forests  in 
the  Colorado  Plateau  Test  Region.  In  spite  of  the  floristic  contrast,  these  two  types 
are  ecologically  analogous  and  one  might  expect  their  signatures  to  be  similar  in  the 
two  regions.  The  mixed  conifer  type  (more  extensive  in  this  region)  is  essentially  ana- 
logous with  the  north-aspect,  mixed  conifer  types  of  the  Colorado  Plateau.  An  idealized 
picture  of  the  vegetational  zonation  pattern  in  the  two  regions  is  shown  in  Figure  3. 

There  is  an  Indian  reservation  in  the  Sierra-Lahontan  Test  Region  with  similar 
preponderance  of  other  federal  land.  The  patterns  of  agriculture  and  crop  types  are 
highly  similar  with  livestock  production  being  a significant  part  of  the  local  economy. 
Wildlife  and  recreation  are  also  very  important  in  this  region.  Aspen  types  occur  but 
are  much  more  restricted  than  in  Colorado.  The  two  regions  are  strongly  contrasting 
geologically  but,  in  spite  of  this,  good  vegetational  analogs  do  occur. 


IHAGE  AVAILABILITY 

For  the  quantitative  w>rk  under  this  project  we  settled  on  relatively  small  areas 
near  Cortez,  Colorado  and  Pyramid  Lake,  Nevada,  where,  in  spite  of  the  interminable 
problems  of  clouds,  mission  scheduling,  and  performance,  and  high-flight  support  acquisi- 
tion we  did  in  fact  have  useable  examples  of  all  image  types  available  superimposed  over 
an  identical  area  in  each  region.  The  available  imagery  that  we  were  able  to  use  in  the 
experiments  (exclusive  of  the  high-flight  that  was  used  primarily  for  ground  truth  con- 
firmation on  identifications  and  experimental  mapping)  is  summarized  in  Table  I.  The 
only  serious  problem  arose  when  choices  were  made  in  favor  of  the  all-important  data 
superimposition  (stacking)  requirement.  Interregional  variation  in  photographic  quality 
for  the  S-190A  and  S-190B  systems  as  well  as  the  high-flight  photography  made  direct 
experimental  testing  of  interregional  interpretability  with  the  photographic  data  impos- 
sible. In  addition,  a large  part  of  the  Sierra-Lahontan  imagery  lay  outside  our  area  of 
maximum  ground  truth  although  it  had  been  covered  by  over-flight  aircraft  observations 
in  some  detail  and  by  two  limited  ground  truth  missions.  Considering  this  problem,  all 
of  our  experimental  mapping  was  limited  to  the  Colorado  Plateau  Test  Region,  where  the 
data  stack  also  covered  an  area  of  high  ground  truth  density.  Formal  photo  interpreta- 
tion tests  were  possible  in  both  regions  as  individual  experiments. 


A PRACTICAL  SEHING  FOR  EVALUATION 

As  we  approach  the  question  of  the  extent  to  which  and  how  remote  sensing  imagery 
from  space  can  be  incorporated  into  the  practical  solution  of  natural  ecosystem  problems, 
it  is  important  to  recall  to  mind  the  relationships  between  scale  and  resolution  in  the 
resource  use  and  iranagement  decision  process.  Each  problem  and  level  of  administrative- 
management  has  its  own  general  scale  requirements  for  decision  making.  When  we  say 
resolution  in  this  case,  we  mean  both  spatial  and  spectral,  because  there  is  a strong 
trade-off  between  the  two  which  usually,  in  the  practical  context,  has  to  be  compromised. 

We  can  rarely  have  the  best  of  both  worlds,  since  for  some  solutions  spatial  resolution 
holds  the  key  while  in  other  cases  spectral  resolution  makes  the  greater  contribution.  The 
question  can  be  disposed  of  by  saying  that  it  would  be  i,he  grossest  error  to  place  empha- 
sis only  on  one  or  the  other. 

What  one  can  derive  from  remotely  sensed  data  is  strongly  and  directly  dependent  upon 
the  practical  problem  to  be  solved.  There  are  levels  of  problems  just  as  there  are  levels 
of  scale  and  refinements  in  resolution.  These  interrelationships  are  recalled  to  mind  by 
Figure  4.  In  the  complete  management  context,  scales  of  1:250,000  and  smaller  are 
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superior  for  many  problems  in  policy  and  broad  planning.  On  the  other  extreme  in 
practical  resource  management,  especially  in  "ange^and  resources  and  forestry,  sample 
point  imagery  at  scales  as  large  as  1:1,000  « 1:600,  are  often  required  if  the 

contribution  of  remote  sensing  to  efficient  management  is  to  be  maximized. 

Thus,  we  are  addressing  the  question,  “What  is  the  role  of  space  and  high-flight 
imagery  in  this  total  process?”  We  are  not  at  all  concerned  with  the  question,  "Can 
cr  will  space  and  high-flight  imagery  from  presently  available  systems  replace 
conventional  aerial  photography?”  The  most  effective  operational  system  is  a conbined 
one.  i^or  specific  problems  it  may  or  may  not  require  a space  component. 


rcmoos 

Ground  Truth  Activities 


Ground  truth  consisted  of: 


a.  Vegetational  and  soil  resource  maps  provided  by  cooperating  federal  agencies 
in  the  respective  regions. 

b.  Ground  observations  made  by  EarthSat  scientists  at  or  near  the  time  of 
overpass. 

c.  Siflipleraental  notes  and  observations,  particularly  w)  vegetation  phenology 
(seasonal  develofxnent) , by  agency  cooperators. 

d.  Low  level  aerial  photography,  vertical  and  oblique,  flown  by  EarthSat  staff 
at  or  near  the  time  of  key  seasonal  overpasses  by  Skylab. 


e.  High- flight  photography  provided  by  NASA. 

The  legend  categories  to  fourth  and  fifth  level  were  used  directly  for  field  and  air- 
check  documentation.  All  of  our  ground  truth  data  were  plotted  on  1:250,000  topographic 
sheets  by  nuntoered  keys  to  facilitate  relating  them  to  each  of  the  space  imagery  (Figure 
5).  Each  of  these  locations  was  then  transferred  to  a LANDSAT-1  1:250,000  enlargement 
with  each  datimi  point  identified  by  legend  symbol.  Most  of  our  critical  mapping  and 
interpretation  experiments  were  done  on  1:250,000  enlargements  of  the  space  image  although 
some  work  was  done  on  the  duplicate  9x9  transparencies  provided  by  NASA. 


Image  Interpretation  Testing 

Three  separate  interpretation  tests  were  run  using  students  from  the  remote  sensing 
classes  at  the  University  of  California,  Berkeley.  Groups  of  interpreters  were  selected 
on  the  basis  of  performance  in  the  first-year  course.  None  had  had  significant  prior 
experience  in  photo  interpretation.  For  each  of  the  tests,  ten  students  were  assigned 
to  two  major  groups  consisting  of  five  interpreters  each.  In  the  first  test  these  groups 
evaluated  the  imagery  by  making  a total  set  of  2400  decisions  on  each  of  eight  image 
types.  The  image  types  evaluated  were  from  the  Colorado  Plateau  only  and  consisted  of 
the  eight  types  shown  in  Table  IL  In  the  first  test  imagery  at  the  appropriate  scale  of 
1:110,000  was  used.  In  the  second  test,  similarly  constituted  but  different  groups  of 
interpreters  evaluated  imagery  from  both  regions  with  all  images  enlarged  to  the  common 
scale  of  1:250,000.  In  this  test  five  examples  of  each  tester  analog  were  evaluated  for 
each  image  type  (Table  II)  to  give  a total  of  250  decisions  per  image  type  in  the  two 
regions  combined. 
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In  both  of  these  tests,  training  examples  of  each  tester  analog  were  identified 
on  the  imagery.  Remaining  examples  were  located  and  randomly  numbered.  The 
interpreters  were  given  five  minutes  to  study  the  training  sets  on  each  image  type 
mid  % seconds  each  to  identify  each  member  of  the  nunbered  test  set.  These  data  were 
analy2ed  by  TiAey's  method  of  painnise  comparison  and  by  the  conventional  commission- 
omission  error  analysis.  In  a third  image  interpretability  experiment  with  the  first 
of  the  above  interpreters,  ten  Individuals  repeated  the  test  by  the  interpretation  of 
LAN0SAT«1  in  side-lap  stereo.  Subjective  evaluations  of  interpretability  were  also 
made  by  highly  experienced  interpreters. 


Napping  Experiments 

All  mapping  experiments  were  performed  on  1:250,000  enlargements  of  the  color 
imagery.  In  addition,  the  full  13  seconds  of  S-192  color  composited  data  were  mapped 
at  the  scale  of  the  imagery  as  provided  by  NASA  in  five-inch  film  format  (approximately 
1:737,000). 

A set  of  mapping  criteria  and  guidelines  were  prepared  and  all  imagery  types  were 
mapped  according  to  these  guidelines  by  a single  Interpreter  to  avoid  variation  in 
method  since  the  primary  purpose  was  to  evaluate  the  various  types  of  imagery.  After 
doing  the  mapping  in  monocular  examination,  each  area  was  additionally  evaluated  in 
stereo  and  notes  were  taken  on  the  amount  of  line  changes  and  number  of  identifications 
corrected  as  a result  of  the  better  perception  of  elevational  and  land- form  relation- 
ships. 

As  the  mapping  was  done,  the  interpreter  assigned  each  boundary  delineation  a 
"certainty  of  delineation"  and  an  " i den tif lability"  rating  according  to  the  criteria  in 
Tables  III  and  IV,  respectively.  These  data  were  then  summarized  by  image  type  and 
evaluated  for  indications  of  the  superiority  of  image  type. 

These  results  were  compared  among  image  types  as  an  assessment  of  possible 
benefits  from  the  use  of  stereo  from  space  and  also  to  determine  if  there  were 
differences  among  image  types  with  and  without  the  stereo  contribution  to  the  inter- 
pretation process. 

The  same  test  area  was  mapped  and  each  analog  identified  from  RC-8,  color  infrared 
high-flight  photography.  On  this  the  legend  units  were  positively  identifiable  and 
except  for  the  problem  of  generalizing  the  mapping  to  somewhat  correspond  to  the  inten- 
sity used  on  the  space  imagery,  type  delineation  was  very  accurate.  These  maps  were 
then  conq)ared  as  regards  the  kinds  and  nature  of  analogous  features  within  each  mapping 
unit  on  the  five  kinds  of  space  imagery  evaluated  in  the  second  test  (Table  II).  As  an 
additional  check  for  the  southern  part  of  the  test  area,  mapping  was  compared  with 
vegetation  and  soils  maps  prepared  by  the  Bureau  of  Indian  Affairs  and  some  Forest 
Service  type  maps  provided  spot  checks  in  other  areas. 

In  addition,  16  relief  conditions  were  identified  and  measured  from  1:250,000  topo- 
graphic sheets.  These  points  were  located  on  each  image  type  and  evaluated  as  to  the 
clarity  with  which  they  could  be  perceived  in  stereo  examination.  These  results  were 
summarized  to  compare  image  types  and  to  establish  the  relief  thresholds  discernible 
with  each  type  of  imagery.  The  stereoscopic  comparison  was  made  at  both  the  1:250,000 
scale  and  the  9x9-inch  NASA  product  duplicate  scale  of  approximately  1:737,000.  In 
all  cases  transparency  materials  were  used— for  interpretation  testing  and  mapping 
experi ments. 

Finally,  based  on  our  accumulated  experience,  the  above  evaluations,  and  the 
operational  use  of  space  imagery  in  the  EarthSat  applications  program,  a flow 
diagram  was  developed  for  a suggested  operational  system  to  analyze  landscapes  by 
appropriate  conbi nations  or  alternatives  of  space  Imagery  and  aircraft  photography. 
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Classification  and  Legend  System 

Since  the  first  Involvement  of  the  author  with  space  Imagery  In  1966,  he  and  his 
associates  have  been  evolving  an  hierarchical  legend  system  under  a consistent  set  of 
discriminative  criteria.  The  system  Is  especially  suited  to  multistage  remote  sensing 
application  and  Is  decimal  numerical  for  computer  coiqiatlblllty.'  This  effort  has 
stabilized  Into  a format  and  set  of  classification  cate^ries  that  Is  published  else- 
where ar>d  has  enjoyed  widespread  practical  application  In  coif) rehens Ive  ecological 
analysis  of  earth  resources  and  land  use  studies.^ 

From  the  standpoint  of  plant  ecology,  vegetation  and  soil  resource  management,  a 
classification  and  characterization  of  the  form  of  the  land  surface  Is  extremely 
Important  to  both  the  student  of  landscapes  and  resource  ecology  and  to  the  resource 
manager.  For  many  years  In  the  author's  research  at  Oregon  State  University  and  In 
projects  Involving  his  graduate  students,  they  have  used  a three-conponent  system  for 
landscape  characterization.  The  components  are:  macrorelief,  landform,  and  micro- 
relief. 

Hacrorellef  refers  to  the  largest  categories  of  classification  of  major  relief 
change  within  the  landscape  system  being  described.  Landform  refers  to  the  specific 
form  of  the  landscape  as  a secondary  level  characterization.  The  classes  we  have 
devised  to  this  date  are  consistent  with  and  accommodate  the  major  landform  features 
recognized  by  geomorphologists  within  the  two  broad  categories  of  fluvial  and  desert 
erosional  characteristics  or  provinces.  They  also  accommodate  equally  well  the 
concept  of  features  of  negative  and  positive  relief,  I.e.,  high  features  and  depres- 
slonal  features. 

After  trying  repeatedly  to  use  the  technical  landform  classifications  of  the 
^omorphologlsts,  we  have  gone  back  to  a set  of  classes,  with  some  modification  and 
Improvement,  similar  to  the  ones  the  author  started  to  use  In  the  early  liSOs  while 
conducting  vegetation-soil  relationships  studies  In  forested  and  rangeland  environ- 
ments. While  these  classes  may  cause  the  professional  geomorphologlst  some  pain, 
they  do  have  the  distinct  advantage  of  being  especially  relevant  to  and  capable  of 
depicting  the  kinds  of  landform  features  that  are  most  relevant  to  plant  ecology  and 
soil  development  and  to  the  practical  use,  developinent,  and  management  of  earth 
resources. 

The  microrelief  classes  define  the  contour  of  local  landscapes,  features  of  very 
low  relief.  For  example,  they  express  the  m'cro-contour  of  a single  mountain  slope, 
small  undissected  mesa,  or  valley  bottom. 

Most  of  the  classes  or  categories  have  been  previously  described  and  illustrated 
In  various  of  NASA  reports  and  other  publications  where  they  do  not  make  use  of  common 
terms  described  in  the  geonorphological  literature.  Thus  in  the  interest  of  time  and 
space,  descriptions  of  the  classes  are  not  Included  herewith.  It  is  sufficient  for  the 
purposes  of  this  paper  to  merely  indicate  the  format  of  the  system  (Figure  6).  The 
legend  for  all  analogs  evaluated  in  this  project  and  for  the  characterization  of  the 
land  surface  is  presented  in  Appendix  A.  The  one  new  development  that  came  out  of  this 
project  was  an  improvement  and  refinement  in  the  macrorelief  and  landform  classes  over 
that  presented  in  1972  (2).  The  major  change  involved  bringing  all  classes  under  the 
same  decimal  numeric  system  and  revising  the  landform  classes  to  more  logically  accom- 
modate the  land  surface  features  that  are  ecologically  significant  in  vegetation  and 
soil  development  and  in  land  use  and  resource  management  decisions  (Figure  7). 
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RESULTS  AND  DISCUSSION 


Quantitative  Comparison  of  Image  Types  for  Interpretability 

The  purpose  of  these  quantitative  tests  was  to  determine  which  of  five  image  types 
were  superior  for  ocular  identification  of  natural  vegetation  analogs  in  the  two  test 
regions.  The  analogs  used  in  the  test  are  shown  in  Table  V.  An  "Other  Vegetation 
Types"  class  was  included  so  that  a variety  of  unknown  image  types  could  be  interjected 
into  the  testing  to  create  possible  confusion  with  the  subject  analogs  and  thus  pro- 
vide a better  assessment  of  true  interpretability. 

In  conducting  the  test,  the  students  were  given  a brief  discussion  of  the  common 
vegetational  zonation  patterns  in  the  two  regions  and  the  various  analog  types  were 
described  so  they  would  have  some  feeling  of  familiarity  with  the  subject  areas.  In 
the  familiarization  discussion,  no  mention  was  made  of  image  characteristics  asso- 
ciated with  the  vegetation  analogs. 

The  image  set  for  the  Colorado  Plateau  test  region  represented  green  season 
phonological  development  in  the  lower  and  middle  altitudes,  and  pre-emergence  dormant 
seasw)  at  the  very  highest  altitudes.  The  full -development,  green  condition  prevailed 
generally  below  9,000  feet  elevation  and  pre-emergence  dormant  season  essentially 
above  9,000  feet,  except  for  evergreen  species.  The  Sierra-Lahontan  test  area  repre- 
sented the  dormant  season  condition  below  approximately  6,000  to  7,000  feet,  and  green 
mature  vegetation  conditions  above  approximately  7,000  feet.  These  particular  dates  in 
each  of  the  two  regions  were  selected  because  they  were  the  only  dates  on  which  we 
accumulated  useable,  essentially  cloud- free  imagery  for  all  image  types  over  the  same 
area.  A much  more  desirable  test  would  have  been  achieved  had  it  been  possible  to 
use  both  green  and  dry  seascm  imagery  for  both  of  the  analogous  regions. 

Interpretation  Test  One.- 

Statistical  Analysis:  On  the  basis  of  Tirfcey's  method  of  pairwise  comparison,  the 
image  types  compared  in  Test  One  can  be  ranked  in  order  as  shown  in  Table  VI.  From  this 
table  it  is  seen  that  the  two  best  image  types  are  S-190A  color  infrared  and  LANDSAT-1 
color  composite.  S-190B  color  ranks  third,  thus  its  higher  resolution  on  color  film 
did  not  compensate  for  thecolor  infrared  spectral  qualities.  It  is  interesting  also 
that  black-and-white  infrared  imagery  ranked  close  alongside  S-190B  color  in  this  test 
with  the  suggestion  that  both  black-and-white  types  (LAUDSAT-1  and  S-190A)  may  be  more 
accurately  interpretable  for  the  point  identification  of  vegetation  analogs  than 
S-190A  color.  The  red  band  imagery  was  poorest  of  all. 

It  is  informative  to  consider  the  image  types  that  resulted  in  the  fewest  cownis- 
sion  errors  for  each  vegetation  analog  in  this  more  comprehensive  single-region  test. 
These  results  are  presented  in  Table  VII. 

The  importance  of  high  resolution  in  the  S-190B  color  is  evident  in  its  superiority 
for  identification  of  the  sedge  meadow  analog.  Sedge  meadows  are  narrow  stringer 
types  in  this  region.  They  rarely  occur  except  in  narrow  valley  bottoms  and  around  the 
edge  of  small  lakes.  Such  features  can  only  be  seen  and  correctly  interpreted  on  S-190B. 

With  the  general  inferiority  of  black-and-white  broad  band  imagery  for  visual 
interpretation  one  might  wonder  why  S-190A  black-and-white  infrared  was  among  the  best 
image  types  for  aspen,  spruce-fir,  and  the  "other  natural  vegetation"  categories.  With 
the  test  imagery  taken  in  the  summer  green  season,  aspen  would  be  very  highly  reflec- 
tive, thus  producing  unusually  light  tones  in  sharp  contrast  to  the  spruce- fir  which 
occurs  largely  in  juxtaposition  with  aspen  and  would  image  as  a very  dark  tone  on 
black-and-white  infrared.  Thus  whenever  the  sharp  edge  of  black  on  white  was  observed 
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on  the  S-190A  black-and-white  infrared  at  high  elevations,  the  logical  conclusion  would 
be  to  identify  aspen  for  the  light  tones  and  spruce-fir  for  the  dark  tones. 

The  "other  natural  vegetation"  category  was  probably  interpreted  well  on  S-190B 
color  because  we  tended  to  select  small  contrasting  vegetation  analogs  for  the  "others" 
category.  It  is  important  also  to  note  that  color  infrared  was  superior  for  five 
vegetation  analogs  whereas  color  was  superior  only  for  three  analogs.  One  should 
recognize,  however,  that  in  one  instance  (S-190B)  the  opportunity  did  not  exist  to 
coiqiare  both  color  and  color  infrared  from  this  hi^  resolution  system.  It  is  quite 
likely  that  the  CIR  would  also  have  been  superior  over  color  film  in  the  S-19(^  syst«n. 

In  summary,  these  results  indicate  the  general  superiority  of  color  infrared  remote 
sensing  products  for  all  natural  vegetation  interpretations. 

Commission-omission  error  analysis:  The  results  of  the  more  comprehensive  Test  One 
are  also  summarized  from  a conventional  omission-commission  error  analysis  in  Table  VIII. 
If  one  looks  first  at  the  percent  correct  for  the  eight  image  types,  it  is  apparent 
that  both  LAllDSAT-1  color  reconstitution  and  S-190A  CIR  meet  frequently  acceptable 
standards  of  accuracy,  particularly  the  latter.  LAMDSAT-1  black-and-white  Band  7, 

S-190A  black-and-white  infrared,  and  S-1906  color  gave  essentially  the  same  results; 
and  next  to  the  color  infrared  renditions,  S-190A  color  and  S-190A  black-and-white  red 
band  were  poorest  in  terms  of  point  identification  accuracy. 

If  one  looks  at  the  percent  commission  error  category,  comparisons  can  be  made 
more  explicitly  (Table  IX).  This  difference  matrix  shows  LANDSAT-1  4,  5,  7 color  recon- 
stitution superior  to  3 out  of  7 other  image  types.  It  was  better  than  LANOSAT-1, 

Band  5,  and  S-190A  color  and  black-and-white  red  band.  S-190A  color  infrared  was  not 
different  but  with  a non-si yiifi cant  suggestion  that  it  might  hold  a sli^t  edge  over 
LANDSAT-1  4,  5,  7 reconstitutions.  However,  this  hypothesized  advantage  would  be 
overridden  by  the  image  quality  control  problems  (poor  radiometric  fidelity)  of  the 
S-190A  camera  system.  In  our  experiment  the  planned  interregional  comparisons  were 
impossible  because  of  this  problem. 

The  S-19QA  color  infrared  was  superior  to  LANOSAT-1  Band  7 only  at  a low  proba- 
bility (P=0.90);  but  it  was  highly  superior  to  S-190A  color.  The  S-190B  color  was 
superior  to  S-190A  color  (P=0.95)  but  also  inferior  to  S-190A  color  infrared  (P=0.90). 

In  all  comparisons  the  black-and-white  red  or  Band  5 was  outstandingly  poor,  with 
conmission  errors  of  48.7  and  53.5  percent. 

Interpretation  Test  Two.- 

Statistical  Analysis:  Based  on  experiments  performed  under  'his  contract  in  only 

the  Colorado  Plateau  region  during  the  spring  of  1974,  we  deci(ted  hat  substantially 
fewer  than  2,400  interpretation  decisions  would  provide  acceptable  -esults^.  Both  cost 
factors  of  employing  experimental  interpreters  and  especially  the  time  required  to 
process  larger  amounts  of  data,  led  us  to  compromise  on  five  interpreters  and  four 
tester  analogs  on  the  five  image  types  in  two  regions  for  these  additional  comparisons 
of  LANDSAT-1  and  Skylab  data. 

The  basic  data  derived  from  Test  Two  are  displayed  in  Table  X.  These  data  were 
first  analyzed  by  a one-way  analysis  of  variance  which  showed  highly  significant 
differences  in  the  Group  I Sierra-Lahontan  data  and  significant  differences  in  Group  II 
Sierra-Lahontan  data.  The  accuracy  obtainable  with  the  image  types  in  the  Colorado 
Plateau  region  were  not  significantly  different,  although  Group  II  approached  signi- 
ficance. Careful  study  revealed  that  there  was  a tendency  for  variation  among  inter- 
preters and  in  image  quality  to  obscure  meaningful  di fferences.when  all  the  data  were 
grouped.  Using  between- region  differences  in  correct  identifications  with  a given 
image  type  as  an  index  of  regional  variation  in  image  quality,  or  the  effect  of 
seasonal  difference  between  regions,  the  interpretability  of  LAFlDSAT-1  data  was 
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different  between  the  two  regions  at  a probability  far  in  excess  of  0.99.  Similarly, 
Group  II  interpreted  both  S-19QA  color  and  S-190B  color  imagery  differently  between 
the  two  regions  at  a probability  far  in  excess  of  0.99.  Only  S-190A  CIR  imagery  was 
interpreted  with  the  same  accuracy  by  both  groups  in  both  regions. 

The  results  for  Group  I and  II  in  the  Sierra-Lahontan  region  and  the  combined 
groups  for  the  Colorado  Plateau  region  were  ti«n  tested  for  significant  differences 
among  all  image  type  comparisons.  These  data  are  summarized  in  matrix  Tables  XI,  XII,  and 
XIII.  Tnis  analysis  shows  that,  at  varying  levels  of  probability  (all  in  excess  of 
P=0.90)  the  interpretability  of  LANDSAT-1  data  was  higher  than  all  other  types  in  the 
Sierra-Lahontan.  Also  at  varying  levels  of  P=0.90,  S-190A  color  infrared  was  superior 
to  S-190A  color,  S-190B  color,  and  S-192, except  one  instance  of  a group  interaction  in 
the  test.  Group  II  gave  highly  significant  superiority  to  S-190A  color  infrared  over 
S-190A  color,  but  Group  I did  not  show  a difference  between  these  two  image  types.  No 
other  comparisons  gave  significant  results.  This  suggests  that  the  radiometric 
qualities  of  color  infrared  are  more  important  in  contributing  to  accuracy  of  inter- 
pretation than  is  the  high  resolution  of  the  S-1906  system.  The  same  can  be  said  with 
respect  to  the  LANDSAT-1  color  infrared  rendition,  in  spite  of  its  lower  resolution, 
as  coiqiared  to  both  of  the  Skylab  camera  systems. 

It  is  somewhat  surprising  that  S-190B  color  did  not  rate  higher  in  this  test.  A 
possible  explanati(Xf)  is  that,  for  point  identification  of  image  types  (where  mapping 
decisions  are  not  involved)  the  higher  resolution  of  both  the  S-190B  and  S-190A  color 
is  unimportant.  It  is  likely  that  had  we  used  color  infrared  film  in  the  S-1906 
camera,  its  inteparetabil ity  score  would  have  been  sidistantially  higher  (see  section 
on  mapping  experiments  where  S-1906  color  and  S-190A  color  were  both  found  superior  to 
LANDSAT-1  and  S-190A  color  infrared  imagery). 

In  the  Colorado  Plateau  area,  LAHOSAT-1  color  reconstitution  proved  inferior  to 
both  S-190B  color  and  S-190A  color  at  a highly  significant  level.  S-190B  color  was 
superior  to  S-192  at  P=0.90.  No  other  differences  approached  significance  in  the 
Colorado  Plateau  test.  The  reason  for  poor  performance  in  the  Colorado  Plateau  region 
may  be  the  season  of  imagery  used.  For  the  low  elevation  arid  types,  it  was  peak  green. 
Differentiations  between  sagebrush  and  salt  desert  were  somewhat  difficult  and  images 
were  particularly  variable  because  of  soil  type  variation.  At  the  intermediate  ele- 
vations oakbrush  was  in  full  leaf  and  tended  to  override  associated  jimiper  and 
ponderosa  pine  when  the  latter  were  in  open  stands.  At  the  high  elevations,  ve^tation 
was  still  dormant  so  that  poor  discriminations  were  provided  between  aspen  and  meadow 
types  and  between  oakbrush  and  aspen  stands  where  the  former  fingered  up  into  the 
higher  elevations. 

Conriission-omission  error  analysis;  A standard  commission-omission  error  com- 
parison was  also  performed  on  the  Test  Two  data  (Table  XIV).  The  Sierra-Lahontan  study 
(those  most  consistently  significant  in  comparisons  among  image  types)  gave  essentially 
the  same  results  as  the  more  comprehensive  Test  One,  insofar  as  color  imagery  is 
concerned. 

From  the  Colorado  Plateau  test  area,  LANDSAT-1  data  ranked  poorest  of  all  on  the 
basis  of  "total  percent  correct"  and  interpretations  and  commission  errors,  although 
differences  were  small  and  few  of  them  significant.  The  best  results  were  obtained  for 
this  region  with  S-1906  color,  both  on  the  basis  of  total  correct  and  the  number  of 
commission  errors;  although  in  these  instances  we  are  talking  about  apparent  differences, 
none  of  which  would  be  found  significart  at  reasonable  probability  levels.  On  the  basis 
of  commission  errors,  a suggested  ranking  of  S-190B  best  and  LANDSAT-1  with  S-192 
poorest  is  suggested  by  the  Colorado  Plateau  data;  and  LANOSAT-1  best  with  S-190A  color, 
S-190B  color,  and  S-192  poorest  in  the  Sierra-Lahontan  region  (Table  XIV). 
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If  these  data  were  combined  for  all  groups  and  regions,  the  combined  magnitude  of 
error  and  compensating  differences  resulted  in  essential  non-significance.  Only  S-190A 
color  infrared  and  LAM)SAT-1  color  reconstitutions  were  significantly  better  than  S-192 
(P-0.99  and  0.95,  respectively).  A more  specific  explanation  may  be  that  some  of  the 
images,  particularly  LANDSAT-1,  were  far  superior  for  the  Sierra-Lahontan  than  for 
the  Colorado  Plateau.  In  the  Colorado  Plateau  the  LANOSAT-1  image  was  uniformly  red 
to  pink  for  many  vegetation  types,  whereas  they  were  strongly  contrasting  in  Sierra- 
Lahontan.  The  same  can  be  said  of  the  S-190A  color  Infrared,  although  the  problem  was 
not  as  bad  as  with  LANDSAT-1  data  in  the  Colorado  Plateau. 

These  results  further  support  a practical  guideline  that  our  accumulated  experi- 
ence has  sug^s ted— namely,  the  best  season  for  imaging  natural  vegetation  with  color 
infrared  is  as  the  vegetation  types  of  interest  are  moving  into  the  dry  or  mature 
season.  The  interpretability  of  many  types  of  natural  vegetation  is  nearly  always  low 
during  the  peak  green  season. 

In  making  these  statements  one  must  not  minimize  the  importance  of  the  multidate 
imaging  capability  of  the  LANDSAT-1  system.  Both  for  full  visual  and  machine-aided, 
interactive  interpretation  of  space  imagery,  the  multidate  component  is  the  only  way 
some  identifications  can  be  made  with  reliability  (Figure  8 and  9). 

The  most  specific  statement  that  can  be  made  from  this  series  of  coitparisons  is 
that  LANOSAT-1  and  S-190A  color  Infrared  are  the  superior  image  types  when  the  capa- 
bility of  interpreters  to  correctly  identify  point  images  is  the  criterion  for 
judgment,  and  that  LANDSAT-1  over  S-190A  color  infrared  seems  to  be  favored.  As 
support  imagery  the  S-19QB  shows  some  points  of  advantage;  and,  had  we  the  opportuiity 
to  test  S-190B  color  infrared,  it  might  well  have  been  higher  in  the  scale  assuming 
adequate  photo' quality  control  and  consistency.  In  addition,  the  black-and-white 
infrared  showed  advantages  in  selected  discriminations  and  thus  should  be  considered 
in  a support  role  for  visual  interpretation. 

It  should  also  be  recognized  that  S-192  is  really  a- finer-tixied  multispectral 
system  than  LANDSAT-1  and  it  is  wifair  to  compare  it  in  photographic  mode.  We  were 
asked  specifically  to  include  the  1,  7,  9 color  reconstitutions  in  our  visual  inter- 
pretation testing.  For  lack  of  funds  and  time  after  receipt  of  S-192  tapes,  we  were 
unable  to  include  it  in  the  digital  analysis  format  where  it  might  well  have  per- 
formed superiorly  if  our  parallel  experience  with  LANDSAT-1  digital  data  can  be  taken 
as  an  indication  of  what  to  expect. 

In  considering  these  results  as  well  as  in  designing  new  and  further  experiments, 
it  is  important  to  recognize  that  only  point  identification,  not  mapping,  of  natural 
vegetation  analogs  was  tested  in  the  previous  experiments.  This  is  only  half  of  the 
mapping  job.  Delineation  capability  must  also  be  assessed.  The  final  "proof  of  the 
pudding"  is,  however,  in  identification  because  there  are  workable  alternatives  for 
minimizing  problems  of  delineation. 

Kinds  of  commission  errors.-  In  a combination  of  data  from  Tests  One  and  Two,  we 
considered  the  interpretability  of  specific  analogs  in  terms  of  the  kinds  of 
confusion  involved  in  the  commission  error  categories.  We  established  a threshold 
level  of  two  conmission  errors  per  ten  decisions  on  a single  vegetation  analog  cate- 
gory as  the  possible  confusion  level  above  which  special  training  and  care  would  be 
required  or  justified  to  minimize  commission  errors  in  interpretation.  There  is  a 
significant  analog-image  type  interaction.  Thus  the  best  image  type  is  a function 
of  the  subject  of  interest  (Table  VII). 

The  next  table  (Table  XV)  sunmarizes  the  problem  analogs  based  on  the  above- 
mentioned  threshold  concept.  For  this  sunmary  and  analysis  the  results  of  Tests  One 
and  Two  were  combined  and  the  combined  results  presented  in  Table  XV.  Observe  that 
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341.1,  pinyon-juniper;  341.2,  ponderosa/Jeffrey  pine;  347,  mountain  brush  or 
chaparral;  and  315,  meadows  are  the  problem  analogs  on  which  training  and  care  of 
interpretation  should  concentrate. 


Mapping  Experiments 

Mapping  experiments  are  most  difficult  to  conduct  because  any  map  is  a generali- 
zation of  reality  and  to  a large  degree  the  result  is  subject  to  the  individual  inter- 
pretation of  mapper  who  must  decide: 

1.  How  to  resolve  gradients  and  intricate  patterns  with  the  legend  system, 

2.  How  to  cotn>romise  these  same  patterns  with  a mapping  intensity  or  level  of 
generalization  appropriate  to  the  purposes  for  which  the  map  is  being  made, 
and 

3.  When  to  ignore  certain  features  as  unimportant  inclusions. 

Except  in  the  case  of  pure,  distinct  types  that  clearly  exceed  the  minimum  "intensity 
of  delineation"  standards,  it  is  rare  that  any  two  experienced  individuals  will  pro- 
duce exactly  the  same  map.  If  they  correctly  identify  the  subjects  delineated  within 
each  boundary  and  reasonably  assess  the  proportions  of  each  within  that  boundary,  their 
differences  in  delineation  are  inconsequential— who  is  to  say  which  map  is  correct  and 
which  is  in  error.  If  these  decisions  by  the  interpreter  are  accurate  (Identification 
and  proportion  of  area),  the  data  tabulation  for  all  interpreters  will  add  up  to  the 
same  set  of  statistics  regarding  the  kinds  and  amounts  of  features  being  mapped. 

In  the  Sierra-Lahontan  region  we  found  it  necessary  to  use  widely  diverse  areas 
to  get  a representation  of  the  necessary  analogs  while  we  could  achieve  this  in  a 
single  transect  of  approximately  1,761  square  kilometers  in  the  Colorado  Plateau  region. 
All  mapping  experiments  and  comparisons  were  done  in  the  latter  region  for  this  reason. 

A set  of  mapping  guidelines  was  followed  in  delineation  and  annotation  (Appendix  Bl). 
As  each  delineation  was  made  its  coinponents  were  tallied  on  a standard  form 
(Appendix  B2) along  with  time  expended  notations.  Delineation  was  done  on  the  contined 
basis  of  vegetation  and  land  surface  features  so  that  identification  provided  both 
components  of  the  legend.  The  key  results  of  all  this  work  are  presented  in  the  tables 
and  discus  ;ion  that  follow. 

Image  types  discernible  on  each  kind  of  image.-  One  of  our  first  experiments  was 
f'T  'determine  the  nuiriber  of  kinds  of  images  that  could  be  discerned  on  each  image  type 
without  regard  to  identification  of  the  subjects  represented.  Such  a test  is  meaning- 
ful and  valid  on  the  assumption  that  if  one  can  discern  a difference  and  thus  delineate 
a subject  area,  there  are  many  ways  by  which  it  can  be  accuaretely  identified  to  pro- 
vide useful  information. 

To  make  this  comparison,  an  identical  area  of  approximately  21-square  inches  was 
laid  out  on  each  image  type.  From  this  population,  six  one-square- inch  samples  were 
drawn.  To  provide  direct  comparability,  the  same  six  locations  were  used  for  each  image 
type.  Two  experienced  interpreters  examined  each  square-inch  sample  and  independently 
decided  on  the  number  of  image  classes  that  could  be  discerned  within  the  designated 
sample  area.  They  first  did  the  "easy  to  discern"  determination,  compared  results  and 
discussed  differences  to  agree  on  the  number  that  their  collective  experience  indicated 
could  be  repeatedly  detected  without  problems  of  incomplete  boundary  location  and 
consistency  of  recognition.  This  nuitier  was  entered  as  the  first  observation  for  the 
square-inch  sample  area.  They  then  repeated  the  process  to  decide  on  the  total  number 
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of  Image  classes  that  could  possibly  be  discerned  in  the  same  sample  area  by  considering 
subtle  differences  in  density,  color,  or  image  texture.  Notes  were  coiipared  and  a 
single  decision  again  reached  on  the  maximum  nunber  that  could  be  practically  inter- 
preted in  an  operational  setting;  i.e.,  entire  boundary  definable  and  reasonable  expec- 
tation that  interpreters,  working  under  the  same  set  of  mapping  intensity  guidelines, 
would  be  able  to  recognize  each  image  type. 

The  average  number  of  classes  discerned  in  the  six  square-inch  sample  areas  is 
tabulated  in  descending  order  by  film  type  in  Table  XVI. 

These  data  enable  a coiriparison  of  color  versus  black-and-white;  for  the  "easy 
discemability"  class  color  defined,  M percent  more  kinds  of  images  than  black-and-white 
and  W percent  more  for  the  "total  possible"  class.  In  this  case  note  that  S-190A  color 
infrared  and  S-190B  color  were  superior  and  that  S-190A  black-and-white  red  band  was  third 
even  though  in  the  identification  testing  this  image  type  was  either  poorest  or  next  to 
poorest  image  type.  LANDSAT-1  color  reconstitution  was  fourth;  and  while  the  infrared 
black-and-white  images  proved  out  well  in  the  identification  tests,  they  were  rated  on 
the  bottom  in  terms  of  discriminating  power. 

Comparative  results  of  mapping.-  The  comparative  results  of  mapping  provide  a guide 
to  the  better  image  types  in  two  ways:  First,  from  information  relevant  to  the  amount 

of  extractable  information;  and  second,  on  the  basis  of  costs  of  deriving  the  infor- 
mation. Table  XVII  summarizes  the  data  relevant  to  these  questions  for  each  image  type 
when  mapped  at  the  constant  scale  of  1:250,000. 

Note  first  that  LANDSAT-1  provided  the  highest  percentage  of  "pure  types,"  but  this 
may  be  due  to  the  higher  level  of  generalization  inherent  in  the  poorer  resolution  of 
the  image  used  and  season  of  acquisition.  The  other  image  types  are  essentially  the 
same  as  regards  this  indication  of  mapping  intensity.  The  highest  percentage  of  3-w?' 
complexes  mapped  was  from  the  highest  resolution  image  types,  S-190B  color  and  S-190. 
color  infrared.  In  the  former  case  the  percentage  was  high  (14  percent)  because  of 
resolution  of  the  system.  In  the  second  case  it  was  high  (13  percent)  because  of  the 
increased  detectability  of  certain  types  resulting  from  the  infrared  band  and  the  false 
color  product.  The  other  high  percentage  of  3-way  complexes  was  mapped  on  the 
Uncompahgre  Plateau  example  of  the  S-192  color  data.  Here  the  reason  was  due  to  our 
mapping  this  exait?)le  from  1:79,000  scale  material  and  the  fact  that  this  image  was 
particularly  good  in  terms  of  vegetation  type  resolution.  We  were  able  to  see  and 
identify  far  more  kinds  of  vegetation  than  could  be  mapped  at  such  a small  scale. 

The  average  boundary  scores  favored  S-190A  color  and  S-19(®  color  with  S-192  color 
averaging  lowest.  The  number  of  delineations  per  2,000  square  kilometers  is  also  an 
index  of  information  content  when  mapping  is  done  under  the  same  standards.  This  tends 
to  place  S-190B  color  at  the  top,  S-190A  color  and  color  infrared  intermediate,  and 
LANDSAT-1  and  S-192  at  the  bottom  in  that  order. 

Cost  factors  are,  of  course,  a function  of  the  number  of  delineation  and  identifi- 
cation decisions  that  have  to  be  made  and  how  easily  they  can  be  arrived  at.  When 
imagery  is  poor,  and  of  its  nature  generalizes  the  ground  features,  costs  tend  to  be 
low  but  cost  per  unit  of  information  may  be  high.  Similarly,  S-190B  color  looks  very 
expensive  in  man-hours  and  S-190A  color  infrared  more  expensive  than  LANDSAT-1,  If, 
however,  one  ratios  the  cost  to  information  on  the  assumption  that  number  of  delinea- 
tions per  2,000  square  kilometers  is  an  index  of  information  content,  the  image  types 
line  up  as  follows: 


Image  Type  Ratio 


S-190B  color 

0.50 

S-190A  color  infrared 

0.42 

LANDSAT-1 

0.43 

S-192  color 

0.30 

S-190A  color 

0.30 

There  are.  of  course,  other  criteria  of  benefit  and  value.  Without  considerably  more 
work  It  Is  difficult  to  determine  which  system  the  cost  benefit  really  favors--except 
to  recall  that  the  two  Intermediate  cost  systems  (S-190A  color  Infrared  and  LANDSAT-1 
4,  5,  7 color)  were  nearly  always  on  top  In  accuracy  of  Identification.  These  two 
systems  also  came  out  top  and  Intermediate,  respectively.  In  the  discriminating  power 
study  (Table  XVI).  These  facts  would  strongly  tend  to  throw  the  cost  benefit  In  their 
favor  because  of  the  higher  reliability  of  the  information  derived— since  the  proof  Is 
In  reliability  of  Information,  not  delineation  density. 

Accuracy  of  Identification  In  mapping.-  It  was  our  original  intention  to  use  the 
high- flight  RC-8  color  (nfrared  photograpny  as  a standard  for  judging  the  accuracy  of 
both  mapping  and  Identification  by  the  space  Imaging  systems.  This  did  not  prove  too 
successful  because  of  the  difficulty  of  deciding  how  best  to  generalize  between  the 
aircraft  and  the  space  systems  and  because  we  did  not  encounter  enough  examples  of  some 

types  within  the  test  belt  of  superinposed  Imagery  to  provide  a sufficient  -3it^)le  size. 

However,  for  one  second  order,  one  third  order,  and  four  fourth  order  analogs,  we  were 

able  to  make  a reasonably  good  comparison.  This  cony>ar1son  for  two  strongly  con- 

trasting Image  types,  S-190B  color  and  LANDSAT-1  Is  presented  In  Table  XVIII.  In  both 
cases  we  expected  the  accuracy  at  second  and  third  level  to  be  higher  than  at  fourth 
level.  This  was  true  only  for  the  S-190B  color,  not  for  LANDSAT-1.  For  all  but  the 
320  (shrub/scrito)  class,  accuracy  levels  are  quite  acceptable,  being  lowest  for  341 
(coniferous  forest).  The  320  class  was  low  because  this  Is  one  of  the  most  difficult 
classes  In  this  particular  region  to  discriminate.  There  was  a strong  tendency  to 
confuse  320  with  some  of  the  341  types.  This  may  also  be  what  pulled  down  the  341 
accuracy.  More  Importantly,  these  results  show  that  space  imagery  can  be  interpreted 
to  fourth  level  in  some  instances  if  the  Interpreter  knows  what  to  expect  In  the  area. 
Had  the  area  allowed  a comparison  of  324  (salt  desert),  325  (shrub  steppe),  and  327 
(macrophyllous  shrub),  it  is  our  hypothesis  from  other  interpretation  work  in  the 
project  that  satisfactory  results  would  have  been  obtained— especially  had  it  been  pos- 
sible to  incorporate  multidate  Imagery  and  to  evaluate  the  are  s in  stereo. 


Stereo  Interpretation  from  Space  Imagery 

Since  our  first  successful  experience  with  the  stereoscopic  Interpretation  of 
Apollo  VI  photography  over  southern  Arizona,  this  author  and  many  of  his  associates  have 
been  proponents  for  the  use  of  stereoscopic  Interpretation  of  space  imagery  whenever 
possible.  Upon  our  request,  most  of  our  Skylab  imagery  was  taken  with  60  percent 
forward  lap,  and  we  had  done  side  lap  stereo  Interpretation  of  LANDSAT-1  data  in  the 
early  phases  of  that  experinent.  Routinely  in  our  operational  project  work,  we  make 
use  of  the  side  lap  area  between  orbits  as  a starting  point  in  visual  image  interpre- 
tation of  LANDSAT-1  data. 

Our  first  experiment  in  stereoscopic  interpretation  was  conducted  wi th  inexperienced 
students  in  connection  with  Identification  Test  One.  In  this  experiment,  ten  of  the 
interpreters  were  given  a stereoscopic  Identification  test  of  point  data  In  the  Colorado 
Plateau  Test  Region  as  a repeat  of  the  monoscopic  test  they  had  taken  some  weeks  earlier. 
The  long  delay  was  intended  to  compensate  for  any  familiarity  bias  in  the  second  stereo- 
scopic test.  S-190A  color  infrared  images  were  used  for  the  test.  The  working  materials 
were  enlarged  to  the  point  that  the  images  would  be  at  approximately  the  same  scale  when 
viewed  under  a magnifying  stereoscope  as  the  monoscopic  images  when  viewed  without 
magnification. 

The  following  overall  results  were  recorded  for  the  ten  interpreters:  monoscopic 
interpretation,  82.7  percent;  stereoscopic  interpretation,  77.3  percent.  The  two  sets 
of  data  were  not  significantly  different  when  subjected  to  a paired  "t"  test  (P=0.99). 

Two  reasons  are  offered  in  explanation:  (a)  although  the  students  had  unimpaired 
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stereo  vision,  none  had  had  significant  exp  1ence  with  stereoscopic  Interpretation;  and 
(b)  more  Importantly,  none  of  the  students  were  experienced  In  relating  vegetation  to 
Its  physical  sett1ng--they  just  did  not  know  what  to  expect.  The  Illustrated  Introduc- 
tion to  the  natural  vegetation  was  apparently  Inadequate  to  prepare  them  for  Interpre- 
tation of  the  stereoscopic  model. 

To  assess  whether  the  results  of  a trained  Interpreter  might  be  better  than  those 
of  the  student  group,  one  of  the  Investigators  took  the  same  test.  This  Individual 
had  had  extensive  stereoscopic  viewing  experience  and  imderstood  the  relationships 
between  vegetatlonal  zonatlon,  landform,  and  elevation.  His  results  are  summarized 
below: 


Category 


Number  of 
Correct  Responses 

(maximum  = 10) 

Monoscoplc  Stereoscopic 


J - Pi nyon- juniper  6 
P - Ponderosa  pine  8 
W - Carex  meadows  9 
A - Aspen  7 
S - Spruce- fir  5 
X - Other  vegetation  types  5 


10 

10 

7 

10 

7 

7 


Pronounced  1in)rovement  in  Identification  accuracy  was  noted  for  all  categories  but 
one.  This  category--sedge  meadow  (W)— always  occurs  In  very  small  units  and  was  some- 
times difficult  to  see  clearly  on  the  stereo  model.  This  limited  comparison  hi^lights 
the  important  role  to  be  played  by  a trained  interpreter  when  extracting  image  infor- 
mation from  a complex  landscape.  Knowledge  of  the  ecological  relationships  present  in 
that  landscape  is  essential  to  accurate  interpretation.  Under  these  circumstances,  it 
was  our  hypothesis  that  stereoscopic  interpretation  will  produce  markedly  improved 
results  over  monoscopic  interpretation. 

In  connection  with  the  more  comprehensive  mapping  experiments,  we  set  about  to 
test  this  hypothesis. 

Stereoscopic  evaluation  of  ground  resolution.-  Each  image  type  was  viewed  at  two 
scales  for  this  test.  Four  kinds  of  a natural  resolution  target  were  evaluated  for 
clarity  (++  = very  clear  or  obvious;  + * evident;  - = not  evident).  These  were  con- 
verted Into  a numerical  score  as  shown  in  Table  XIX.  The  S-190A  color  and  S-190B  color 
were  best  and  the  only  place  where  stereoscopy  gave  an  advantage  was  in  some  of  the 
11  nears. 

Stereoscopic  perception  of  relief  change.-  We  next  set  about  to  determine  what 
magnitude  of  relief  differences  a person  with  good  stereo  perception  could  actually  see 
as  a three-dimensional  model  with  each  kind  of  space  imagery.  Side  lap  stereo  was  used 
for  LANOSAT-1.  All  of  the  features  listed  in  Table  XX  were  scored  by  the  same  method  as 
the  ground  resolution  targets  and  numerical  scores  were  computed  in  the  same  way.  This 
showed  S-190B  color  superior  to  other  systems.  On  S-190A  color  and  the  S-190B  one 
could  see  relief  differences  as  slight  as  200  feet.  The  perception  of  relief  was  a 
function  of  the  rate  of  change  but  even  in  relatively  level  to  rolling  macrorelief,  one 
could  see  a true  stereo  model  down  to  a th*’shold  of  200  to  225  feet  per  mile.  This 
perception  capability  is  highly  important  c-d  of  great  value  in  Identification  of 
vegetation  analogs  through  relationship  to  landform,  slope,  and  position  on  slope.  While 
conducting  this  test  it  was  evident  that  under  certain  conditions  monoscopic  viewing 
could  give  a depressional  perspective  when  in  fact  one  was  looking  at  strongly  hilly 
macrorelief.  Such  misconceptions  of  landform  did  lead  to  identification  errors  of 
substantial  magni tude--for  example,  erroneously  calling  deciduous  aspen  and  mountain 
meadows  satabrush  steppe  and  salt  desert  vegetation  types  when  viewed  monocularly. 
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Stereoscopic  improvement  of  Identification  decisions.-  By  reassessing  monocular 
mapping  and  identifications  of  both  vegetation  ahJlandform  features  the  same  1,761 
square  kilometer  area  of  each  imagery  type  except  S>192,  we  were  able  to  make  a good 
assessment  of  the  benefits  from  stereo  interpretation.  Table  XXI  shows  the  amount  of 
delineation  and  identification  change  made  by  stereo  examination  at  a scale  of 
1:250,000.  This  table  suggests  that  there  are  important  differences  among  Imagery 
types  as  regards  the  benefit  from  stereo  viewing.  More  changes  in  boundary  were  made 
with  LANDSAT-1  and  S-190A  color  than  with  the  other  imagery  types.  Many  of  these 
boundary  changes  were  of  substantial  areal  significance.  Most  of  them  were  made  either 
in  areas  of  undulating  to  slightly  hilly  macrorelief  or  in  areas  where  the  image  char- 
acteristics gave  the  impression  of  gentle  relief  when  in  fact  the  subject  was  strongly 
hilly  to  mountainous.  This  is  particularly  helpful  in  the  case  of  isolated  buttes  and 
small  mountain  systems.  Also  in  the  gentler  relief  areas  one  can  relate  a vegetation 
change  to  a break  in  relief  when  such  is  impossible  in  mono  viewing.  The  changes  in 
Identifications  were  substantial  for  S-190B  color. 

The  low  contribution  of  stereo  to  S-190A  color  Infrared  is  probably  due  to  the  poor 
resolution  characteristics  of  the  particular  image  used  in  this  experiment.  The  large 
number  of  changes  in  landform  classification  with  the  S-190B  color  when  viewed  in 
stereo  is  most  likely  due  to  its  higher  resolution  and  the  fact  that  by  viewing  in 
the  stereo  model,  more  of  the  features  of  relief  can  be  seen  and  more  of  the  vegetation 
pattern  explained. 

We  next  looked  at  the  exact  nature  of  the  changes  in  identification  resulting  from 
stereoscopic  viewing.  These  comparisons  are  shown  in  Table  XXII.  Part  of  the  change  in 
the  2.3  class  was  the  result  of  calling  the  lands  more  flat  in  mono  interpretation  and 
to  the  changes  in  the  hilly  and  mountainous  classes.  Changes  were  i.iade  from  hilly  to 
mountainous.  A stereo  classification  into  mowitainous  of  some  of  the  lands  formerly 
considered  in  class  2.3  accounted  for  some  of  the  large  differences  between  mono  and 
stereo  identification.  Some  of  the  mountainous  relief  difference  could  not  be  judged 
by  monocular  interpretation. 

Much  of  the  change  in  130,  rockland,  resulted  from  being  better  able  to  perceive 
mountainous  rocklands  in  stereo.  The  perception  of  lowland  flatlands  contributed  to 
some  of  the  change  into  310,  herbland,  classifications.  Most  of  the  change  in  327, 
macro ;.inyl lous  shrub,  and  341,  coniferous  forest,  resulted  from  being  better  able  to 
define  the  true  327  areas  in  stereo  since  they  are  higher  plateau  and  hill  land  related. 
There  was  a tendency  to  overestimate  327  where  it  occurred  adjacent  to  341  and  parti- 
cularly to  underrate  the  latter  where  stands  were  open.  Some  of  these  errors  were 
corrected  by  landform  relationship  in  stereo  viewing.  While  one  could  not  see  indivi- 
dual conifer  trees,  the  341.3,  mixed  conifer,  class  could  be  much  more  accurately 
identified  in  stereo  because  of  the  strong  relationship  to  steep  slopes,  valleys,  and 
high  hill  and  mountain  positions  that  this  type  occupies. 

While  more  in-depth  studies  by  larger  nunbers  of  experienced  interpreters  could 
refine  and  improve  upon  measurements  of  value  from  stereo,  we  feel  that  these  results 
are  sufficient  to  stimulate  more  serious  consideration  in  use  of  stereoscopic  inter- 
pretation of  space  imagery  where  natural  vegetation  and  soil  conditions  are  the  main 
points  of  concern. 


AN  OPERATIONAL  SYSTEM  FOR  EARTH  RESOURCE  ASSESSf€NT 


One  of  the  author's  goals  from  the  beginning  of  his  involvement  in  the  Earth 
Resources  Space  Applications  Program  has  been  to  devise  or  suggest  an  effective  opera- 
tional system  for  amalgamation  of  space  and  aircraft  remote  sensors  into  an  efficient 
and  cost-effective  operational  system  for  inventory,  analysis,  and  monitoring  of  earth 


resources  and  land  use.  While  some  may  feel  we  haven't  yet  arrived,  the  facts  are 
that,  since  early  In  the  LANDSAT-1  program,  Earth  Satellite  Corporation  has  been  using 
space  and  aircraft  Images  ' In  combination  and  alone  when  appropriate,  to  service  the 
needs  of  clients  on  three  continents  and  In  all  disciplines  In  a cost-effective  way. 

The  following  flow  diagrams  and  discussion  do  not  necessarily  reflect  the  unified 
opinion  of  the  company.  It  Is  the  author's  expectation,  however,  that  high  agree- 
ment In  principle  and  on  the  general  concept  will  prevail  throughout  the  remote  sensing 
conmunlty.  Most  disagreement  among  those  of  us  with  substantial  experience  In  space 
systems  applications  would  probably  be  In  tlie  area  of  details  and  adaptation  of  this 
kind  of  general  pattern  to  specific  cases.  At  least  the  author  Is  willing  to  take  full 
responsibility  for  the  commendable  qualities  and  deficiencies  of  the  following  ideas 
with  the  hope  that  this  presentation  will  stimulate  criticism  and  a focusing  of  energy 
on  the  true  problems  of  a cost-effective,  operational  space  and  aircraft  system  so 
that  the  benefits  of  space  technology  can  more  effectively  serve  the  needs  of  mankind. 

A highly  generalized  flow  diagram  Is  presented  In  Figure  10.  The  details  represented 
by  each  of  Its  blocks  are  then  expanded  In  Figures  10a,  10b,  10c,  and  lOd. 

The  generalized  flow  diagram  of  Figure  10  Is  essentially  self-explanatory,  but  a 
few  points  may  require  clarification.  A ground  truth  mission  Is  scheduled  deliberately 
relatively  early  in  the  flow  chart.  In  practice  ground  truth  missions  come  into  the 
system  at  many  points.  It  is  better  to  emphasize  their  role  by  inclusion  in  the  direct 
flow-line  rather  than  to  de-emphasize  such  an  Important  component  by  placing  it  in  a 
multi-focused  peripheral  loop.  The  first  ground  truth  mission,  in  a reconnaissance 
mode,  may  actually  have  to  be  performed  as  a part  of  the  background  work  In  some 
projects.  It  can  be  a part  of  any  subsequent  stage  through  "refined  Interpretation." 

This  generalized  flow  diagram  emphasizes  another  Important  concept--namely,  that 
the  first-cut  interpretation  is  done  most  effectively  by  knowledgeable  and  experienced 
Interpreters.  This  is  in  contrast  to  the  viewpoint  of  some  who  feel  that  "because  of 
the  magnitude  of  data  in  wide-area  synoptic  coverage,  the  first  interpretations  must 
be  by  machine."  Accixnulating  experience  and  demonstrated  ability  to  do  these  first  cut 
Interpretations  rapidly,  efficiently,  and  adequately  by  visual  interpretation  leads 
this  author  strongly  to  challenge  the  wisdom  and  particularly  the  cost  effectiveness 
of  doing  these  first-cuts  by  computer  analysis. 

Finally,  in  the  generalized  treatment,  the  role  of  "feedback"  deserves  some  special 
attention.  Almost  without  exception  in  the  operational  mode,  feedback  may  start  at  any 
stage  beyond  the  Initial  stratification  to  bring  about  refinements,  to  improve  adapta- 
tion to  the  specific  problem  situation,  and  to  enhance  performance.  Feedback  is,  of 
course,  particularly  important  when  one  reaches  the  monitoring  component  of  the  "decision 
and  action"  block.  Now  let  us  look  within  these  blocks  at  some  important  details  and 
alternatives. 

Some  of  the  major  components  of  background  work  are  specified  in  the  expanded  flow 
diagram  of  Figure  10a.  The  various  functions  In  this  unit  should  be  self-evident  but 
disregarding  or  side-stepping  of  Important  components  in  this  stage  sometimes  jeopar- 
dizes successful  application  of  the  system. 

The  block  representing  those  factors  of  design,  classification,  intensity,  and 
repeatability  also  includes  the  idea  of  adopting  the  legend  system.  Following  are  the 
main  advantages  of  the  legend  system  we  have  devised  and  perfected  by  diligent  modifi- 
cation and  testing  plus  sessions  to  seminar  and  critique  the  legend  by  people  actively 
Involved  in  practical  operational  use  of  the  system.  It  has  gone  through  numerous 
revisions  and  extensive  field  verification.  The  legend  has  evolved  into  its  present 
form  demonstrating  Its  practical  usefulness  for  application  to  space  and  high-flight 
image  analysis  after  having  a rigorous  and  critical  development  process.  The  main 
advantages  of  the  system  are: 
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1.  It  is  based  on  divisive  logic  that  is  consistent  with  a growing  understanding 
of  earth  resources  and  upon  consistent  criteria  for  differentiation  by  visual 
stimuli  among  classes  at  each  hierarchical  level. 

2.  It  accoamodates  in  a single  coherent  system  the  natural  vegetation,  vegetation 
modified  by  intent  with  a permanent  management  goal,  barren  lands,  all  water 
resources,  as  well  as  those  land-uses  that  have  permanently  altered  the  nature 
of  the  earth's  surface,  i.e..  urban,  industrial,  transportation,  and  utility 
distribution,  and  extractive  industries. 

3.  6y  being  ecologically  rather  than  urban-industrially  orientated,  it  charac- 
terizes the  landscape  features  on  a natural  basis  that  is  free  of  land-use 
bias. 

4.  The  system  thus  provides  a superior  basis  for  treating  the  multiple  land-uses 
so  common  in  the  “wildlands”  situation  such  as  the  case  where  the  same  piece  of 
land  is  used  for  forestry,  range,  watershed,  wildlife,  and  recreation.  To 
krowled^able  resource  ecologists,  tliese  potentialities  for  use  are  often  self- 
evident  in  the  description  that  the  legend  system  gives  of  specific  landscapes. 

5.  It  is  numerical  and  thus  highly  computer  compatible. 

6.  It  is  conceived  on  a consistent  logic  through  the  fourth,  fifth,  and  even  to 
the  sixth  hierarchiral  level. 

7.  It  allows  easy  and  consistent  agglomeration  from  the  finest  tc  the  most  gene- 
ralized category. 

The  initial  stratification  stage  (Figure  1%)  is  largely  determined  by  the  nature 
of  the  problem  being  attacked  and  the  informati  n needs  being  met  through  remote 
sensing.  For  problems  where  a regional  perspective  is  needed  or  a land-use  inter- 
relationship picture  is  to  be  portrayed,  space  ima^ry  is  oftcr«  ideal.  For  some  prob- 
lems however,  the  initial  small-scale,  stratification  stage  may  best  be  performed  on 
high-flight  aerial  photogre,  ;y.  In  the  initial  stratification  stage  It  is  also 
important  to  enphasize  the  need  to  do  ground  truth  and  over- flight  missions  with  imagery 
in  hand. 

Especially  when  working  with  space  imagery  the  first  two  intensity  levels  of  strati- 
fication should  consider  the  appropriateness  of  an  ecological  province  (or  subregion) 
breakdown  followed  by  a second-order  stratification  into  land  systens  after  the  tech- 
nique that  is  widely  used  in  Australia.  Following  this,  the  third-order  stage  is  deline- 
ation into  appropriate  levels  of  an  hierarchical  legend  system  similar  to  the  one  we  have 
devised  and  proven  through  extensive  use.  For  some  projects  this  latter  will  represent 
the  first  order  of  stratification. 

One  of  the  niost  important  features  or  concepts  of  space  and  high- flight  image 
application  is  exemplified  in  the  "prioritized  areas"  function  of  the  initial  strati- 
fication stage.  By  the  application  of  these  techniques,  one  quickly  defines  the  areas 
of  no  concern  so  that  all  energy  at  an  early  point  is  focused  on  those  in^iortant  land- 
scapes that  are  truly  relevant  to  the  problems  at  hand.  This  feature  is  a great  saver 
of  dollars  and  both  scientific  and  managerial  manpower. 

In  the  second  subsampling  stage  (Figure  lOc'  one  moves  to  larger  scale  and/cr 
finer  resolution,  and  machine- aided,  interactive  interpretatior.  becomes  appropriate 
if  not  essential  for  maxinum  effectiveness  of  the  system. 

strong  emphasis  should  be  placed  on  "support  system  selection  and  staging."  At 
this  point,  the  results  of  research  similar  to  those  reported  here  become  paramount 
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In  naking  the  proper  choices  aaong  operational  support  systeas.  The  author's  own 
accuaiulated  experience  to  this  point  strongly  suggests  that,  if  space  imagery  is  appro- 
priate as  the  initial  stratification  stage,  the  LA^DSAT  MSS  system  is  ideal  for  such 
applications.  Si4>porting  this  system  then,  in  the  second  subsampling  stage,  one  has 
at  least  four  highly  viable  options.  Reaenber  that  this  stage  follows  the  prioritizing 
of  areas  of  concern.  Within  these  areas  then,  the  options  become  first,  digital 
analysis  of  MSS  data  similar  to  LANOSAT-1  or  possibly,  with  de-bu^ing  and  refinement, 
systems  like  the  S-192.  A second  option  which  we  in  Earth  Satellite  Corporation  are 
beginning  to  use  extensively  is  the  special  er.hanceoent  and  reprocessing  of  LAt^SAT-1 
data  from  the  magnetic  tapes  to  produce  an  improved  photographic  product  at  scales 
from  1:400,000  to  1:100,000.  These  images  can  be  somewhat  "ttfied"  to  the  needs  of 
second-level  analysis  in  areas  of  critical  concern.  A third  option  is  use  of  special 
space  systems  such  as  the  Skylab  S-190B  where  higher  resolution  is  needed  because  of 
the  natire  of  problems  being  addressed. 

A little-used  option  with  high  potential  is  visually  interpreting  stereo  imagery 
from  space,  and  still  another  option  employs  multidate  or  imilti-season  imagery.  This 
requirement  is  another  strong  point  in  favor  of  an  un-manned  system  such  as  LAflOSAT-1 
as  the  basic  earth  resource  monitoring  system.  When  one  considers  the  practical 
problems  encountered  in  getting  a desired  set  of  multi  date  imagery,  superimposed  over 
a clearly  defined  pair  of  interregional  test  sites,  the  advantages  of  a continuous 
running  or  prograamiable  sun  synchronous  system  can  be  easily  demonstrated.  While,  for 
natural  vegetation  applications,  nine-day  frequency  of  repeat  coverage  will  rarely  if 
ever  be  needed,  there  were  many  times  during  our  LATlDSAT-1  and  Skylab  experiments  when 
a nine-day  repeat  cycle  would  have  given  us  imagery  we  critically  neected.  Slippage  of 
nine  days  around  a critical  stage  of  plant  development  can  usually  be  tolerated,  18 
days  often  not. 

Finally,  but  certainly  not  of  least  importance,  conventional  aerial  photography  in 
a multistage  mode  will  always  have  a role  to  play  in  any  comprehensive  earth  resources 
inventory  and  monitoring  system  that  has  as  one  of  its  goils  contribution  to  resource 
management  The  scale  and  spatial  resolution  of  systems  (<sed  under  this  option  are 
highly  dependent  on  the  kineb  of  problems  addressed.  For  example,  if  the  solution  of 
rangeland  resources  problems  is  approached  with  the  intent  of  fully  capitalizing  on 
remote  sensing  capability,  certain  components  of  the  problem  *equire  imagery  at  larger 
scales  of  1:1,000  or  1:600  and  with  stereo  overlap.  Thzse  needs  can  hardly  be  met 
fron  presently  avail  able, civil  applications  space  technology.  At  the  present  time 
it  is  the  author's  feeling  that,  while  digital  analysis  of  LANOSAT  MSS  data  can  be 
effectively  done  at  a quasi  scale  of  approximately  1:24,000  looking  at  0.4  hectare  units 
of  land,  this  multi  spectral  system  cannot  meet  all  of  the  requirements  for  assessing 
many  nai:ura1  vegetation  management  and  soils  stability  problems. 

Having  selected  the  appropriate  support  systems  and  designed  a multistage  approach 
compatible  with  the  problem  situation,  refined  interpretation  moves  ahead  to  produce 
both  certain  and  uncertain  inventory  decisions.  A ground  truth  mission  comes  back  into 
the  loop  as  the  ixr certain ties  are  removed  or  reduced  to  a tolerable  level. 

The  product  development  block  (Figure  lOd)  is  an  integral  part  of  the  remote  sensing 
application  package  in  the  context  of  map  preparation,  derivation  of  statistical  sets  of 
necessary  data  and  the  interpretations  that  give  the  data  and  maps  relevance  to  the 
problems  to  be  solved.  These  actions  lead  to  reports  and  recommendations  that  carefully 
address  the  problem.  This  ensures  that  the  real  "proof  of  the  pudding"  can  be  rea- 
lized in  a rational  decision  and  action  program--one  that  is  effectively  monitored  to 
fine  tune  and  adjust  the  orogram  and  ensure  complete  success  in  problem  solving. 

To  the  question,  "Is  such  an  operational  p»-ogram  feasible?"  we  merely  respond  that 
Earth  Satellite  Corporation  is  now  using  LANDSAT-1  data,  and  in  some  cases  Skylab 
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imagery,  together  as  appropriate  with  aerial  photography  for  solving  real  problens. 
Such  applications  have  taken  place  in  the  United  States  and  on  at  least  two  continents 
other  than  North  America.  Many  of  the  ideas  embodied  in  the  above  flow  diagram  have 
been  field  tested  in  these  kinds  of  operational  projects.  In  this  writer's  opinion, 
space-born  remote  sensing  systems  have  already  been  proven  operational.  A significant 
nunt>er  of  projects  are  now  moving  ahead  in  developing  nations  and  other  where  the 
resource  base  is  not  well  understood  with  a speed  and  at  a cost  that  could  not  be 
approached— in  some  cases  not  even  cons1dered--if  we  lacked  the  option  of  doing  the 
first-^ase  analysis  by  the  interpretation  of  space  imagery. 
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Table  I Types  and  Oates  of  Imagery  Used  In  the  Two  Test  Regions 


Date 

Area 

LANOSAT-l  CIR 

Hay  18,  1973 

Colorado  Plateau 

S-190A/CIR 

June  5,  1973 

Colorado  Plateau 

S-190A/ Color 

June  5,  1973 

Colorado  Plateau 

S-190B/Color 

June  5,  1973 

Colorado  Plateau 

S-192  (1,7,9)  Color 

Aug.  4,  1973 

Colorado  Plateau 

LANOSAT-l  CIR 

July  25,  1973 

Sierra-Lahontan 

S-190A/CIR 

Aug.  11,  1973 

Slerra-Lahontan 

S-190A/Color 

Aug.  11,  1973 

Sierra-Lahontan 

S-190B/Color 

Aug.  11,  1973 

Sierra-Lahontan 

S-192  (1,7,9)  Color 

July  25,  1973 

Sierra-Lahontan 

TABLE  II.- THE  IMAGE  HPES  EVALUATED  IN  THE  FIRST  AND  SEC(WD 
SERIES  OF  INTERPRETATION  TESTS 


First  Test 

Second  Test 

LANDSAT-1 

LANDSAT-1 

Color  Composite 
Band  5 B/W 
Band  7 B/W 

Color  Composite 

SKYLAB,  S-190A 

SKYLAB  S-190A 

Color  Infrared 
Color 

Red  Band  B/W 
Infrared  Band  B/W 

Color  Infrared 
Color 

SKYLAB  S-190B 

SKYLAB  S-190B 

Color 

Color 

SKYLAB  S-192 

Color  Conposite 
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TABLE  III.-  CRITERIA  FOR  RATING  THE  EASE  AND  CERTAINTY 
OF  DELINEATING  BOUNDARIES 


Rating  1. 

Boundary  line  easy  to  decide,  clear,  and  distinct. 

Rating  2. 

Boundary  delineation  presents  some  problems,  some  area  of 
diffuse  boundary  but  mostly  fits  condition  1. 

Rating  3. 

Boundary  definition  has  some  alternatives;  specifically, 
half  or  more  of  boundary  shows  diffuse  change,  thus 
allowing  for  different  interpretations  of  where  the  boundary 
should  fall.  However,  for  any  of  these  alternatives, 
differentiation  definitely  appears  stronger  after  line  is 
drawn.  Line  is  not  significantly  arbitrary. 

Rating  4. 

Boundary  definition  is  quite  arbitrary,  likely  to  be  made 
with  marked  difference  by  different  people;  only  small  portions 
of  boundary  (<30%)  are  distinct  as  in  1,  2,  or  3. 

TABLE  IV.-  CRITERIA  FOR  RATING  THE  IDENTIFIABILITY  OF  IMAGES 


Rating  1. 

Positive;  little  likelihood  of  identification  errors. 

Rating  2. 

Reasonable  certainty;  probably  a few  inconsequential 

identification  errors. 

Rating  3. 

Moderate  chance  of  error;  identification  highly  dependent 

on  associated  convergence  of  evidence  or  local  familiarity. 

Rating  4, 

Substantial  chance  for  error;  attempted  identification  is 

little  better  than  a guess. 

Rating  5. 

Inadequate  information  to  identify;  no  identification. 
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TABLE  V.-  ANALOGS  USED  IN  INTERPRETATION  TESTS  ONE  AND  TWO 


Numeric 

Symbol 

Vegetation  Type 

Alpha 

Syidbol 

1 Used  in  Test  | 

1 One 

1 Two  1 

315 

(teadoMS 

W 

D 

■ 

325.1 

Sagebrush 

Sa 

H 

341.2 

Ponderosa/Jeffrey  Pine  Forest 

P 

341.1 

Pinyon-juniper  Woodland 

J 

341.4 

Spruce-fir 

S 

342.4 

Aspen 

A 

D 

H 

347 

Oakbrush/Nountain  Chaparral 

B 

H 

H 

Other  Vegetation  Types 

X 

B 

H 
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TABLE  VI.-  RANKING  OF  IMAGES  IN  DECREASING 
ORDER  OF  INTERPRETABILITY 


Image  Type 

Overall  Average 
Correct  Responses  , . 
(All  crop  categories)- 

EREP  S-190A  Color  IR 

7.9 

LANDSAT-1  Color  Composite 

7.0 

EREP  S-190B  Color 

6.4 

EREP  S-190A  B/W  IR 

6.4 

LANDSAT-1  Band  7 

6.2 

EREP  S-190A  Color 

5.5 

EREP  S-190A  B/W  Red 

5.2 

LANDSAT-1  Band  5 

'1.6 

V 


Maximum  possible  value  = 10. 
comparison. 


Test  is  by  Tukey’s  method  of  pairwise 
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TABLE  VII.-  ANALYSIS  OF  TEST  DATA 
(NATURAL  VEGETATION  IDENTIFICATION  TEST) 
RANKING  OF  IMAGE  TYPES  BY  COWUSSION  ERROR 


For  each  of  the  natural  vegetation  categories  listed  below,  the 
image  type(s)  are  given  which  form  a group  that  is  significantly  different 
from  all  others  in  terms  of  cwimission  error  (using  Tukey's  method  of 
pairwise  conparison).  These  images  are  ^ose  for  which  commission  errors 
are  lowest. 


Natural  Vegetation  Category 

Pi nyon- juniper 

EREP  S-190A  Color  IR 

Ponderosa  pine 

EREP  S-190A  Color  IR 

Sedge  meadow 

EREP  S-190B  Color 

Aspen 

EREP  S-190A  Color  IR 
EREP  S-190A  Color 
EREP  S-190A  B/W  IR 

Spruce- fir 

EREP  S-190A  Color  IR 
EREP  S-190A  B/W  IR 
ERTS  Color  Composite 

Other  natural  vegetation 

EREP  S-190A  Color  IR 
EREP  S-190A  B/W  IR 
EREP  S-190B  Color 
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TABLE  VIII.-  COMPARATIVE  INTERPRETATION  ERRORS  BY  IMAGE  TYPE 


FROM  TEST  ONE  (2400  DECISIONS) 


Percent 

Percent  Commission  Errors 

Image  Type 

Correct 

Range  in  % 

X + SE_ 

X 

LANDSAT-1  Color 

71 

11-43 

30.33  + 5.02 

LANDSAT-1  Band  7 

62 

16-58 

37.33  + 6.81 

LANDSAT-1  Band  5 

46 

44-67 

53.50  + 3.50 

S-190A  CIR 

78 

10-26 

21.51  + 2.81 

S-190A  Color 

55 

35-50 

44.7  + 2.11 

S-190A  B/W  IR 

64 

12-56 

35.8  + 7.01 

S-190A  B/W  Red 

52 

42-57 

48.7  +2.67 

S-190B  Color 

65 

18-46 

33.3  +4.59 
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TABLE  IX.-  SIGNIFICANCE  OF  DIFFERENCE  MATRIX 
COMPARING  IMAGE  TYPES  FROM  TEST  ONE 


Image  Type 

B 

LS-1  B-7 

LS-1  B-5 

H 

S-190A  Color 

S-190A  8/W  IR 

S-190A  B/W  Red 

S-190B  Color 

LS-1  Color 

B 

■ 

■ 

LS-1  B-7 

7.06 

■ 

LS-1  B-5 

13.17 

16.17 

■ 

■ 

[I 

S-190A  CIR 

B.83 

+ 

15.83 

★★★ 

32.00 

D 

■ 

S-190A  Color 

★ 

14.37 

7.37 

+ 

8.80 

■ 

B 

S-190A  B/W  IR 

5.47 

1.53 

+ 

14.30 

8.90 

B 

S-190A  B/W  Red 

m 

11.37 

4.80 

mgi 

4.00 

12.90 

X 

S-190B  Color 

2.97 

4.03 

■Qjni 

+ 

11.80 

★ 

11.40 

2.50 

B 
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TABLE  X.-  PERCENT  CORRECT  INTERPRETATION  BY  TEN  INTERPRETERS 


FOR  FIVE  IMAGE  TYPES  IN  TWO  REGIONS 


Group 

Interpreter 

Colorado  Plateau 

Sierra-Lahontan  1 

192 

190B 

COLR 

190A 

COLR 

190A 

CIR 

LS-1 

192 

190B 

COLR 

190A 

COLR 

190A 

CIR 

LS-l 

I 

H 

79 

80 

92 

84 

76 

48 

52 

56 

64 

92 

M 

63 

76 

68 

68 

60 

56 

68 

84 

84 

92 

0 

67 

52 

48 

60 

44 

56 

76 

60 

80 

88 

S 

58 

76 

72 

60 

56 

60 

68 

60 

72 

80 

V 

67 

84 

84 

84 

60 

60 

64 

60 

80 

92 

X 

66.8 

73.6 

72.8 

71.2 

59.2 

X 56.0 

65.6 

64.0 

76.0 

88.8 

3.47 

5.60 

7.53 

5.43 

5.12 

SEjj-  2.19 

3.92 

5.06 

3.58 

2.33 

2 

c 

54 

80 

88 

76 

68 

68 

52 

64 

68 

68 

Ho 

79 

72 

80 

80 

48 

76 

72 

64 

80 

92 

L 

67 

88 

76 

80 

80 

60 

56 

60 

76 

100 

P 

63 

84 

68 

56 

60 

64 

64 

60 

72 

88 

Vo 

79 

72 

72 

72 

64 

64 

52 

48 

72 

80 

J 

68.4 

79.2 

76.8 

72.8 

64.0 

X 66.4 

59.2 

59.2 

73.6 

85.6 

4.81 

3.20 

3.44 

4.45 

5.22 

SEjf  2.71 

3.88 

2.94 

2.04 

5.46 

G 

RAND  i 

67.6 

74.8 

72.0 

61.6 

61.2 

62.4 

61.6 

BS 

87.2 

H 

2.81 

Bl 

3.96 

3.32 

3.54 

2.39 

2.81 

2.87 

1 

2.85 

TABLE  XI.-  SIGNIFICANCE  OF  DIFFERENCE  MATRIX  COMPARING 
IMAGE  TYPES  BY  GROUP  I INTERPRETERS  IN 
THE  SIERRA-LAHONTAN  REGION 


Image 

Type 

192 

190B 

Color 

190A 

CIR 

LS-l 

192 

m 

190B 

Color 

9.6 

X 

■ 

8.0 

1.6 

X 

190A 

CIR 

20.0 

+ 

10.4 

12.0 

X 

1 

LS-1 

irie-k 

32.8 

★ ★ 
23.2 

24.8 

12.8 

■ 

LEGEND; 

★**  = Very  highly  significant,  greatly 
exceeding  P=0.99 


**  = Significant  at  P=0.99 

♦ = Significant  at  P=0.98 

* = Significant  at  P*0.95 
+ = Significant  at  P=0.90 
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TABLE  XIL-  SIGNIFICANCE  OF  DIFFERENCE  MATRIX  COMPARING 
IMAGE  TYPES  BY  GROUP  II  INTERPRETERS  IN 
THE  SIERRA-LAHONTAN  REGION 


Image 

Type 

192 

mam 

||siE9 

190A 

Color 

190A 

CIR 

LS-1 

192 

H 

■ 

190B 

Color 

■ 

B 

■ 

190A 

Color 

B 

0 

X 

■ 

190A 

CIR 

+ 

7.2 

14.4 

** 

14.4 

B 

■ 

LS-1 

19.2 

26.4 

26.4 

+ 

12.0 

■ 

LEGEND: 

**★  s vgpy  highly  significant,  greatly 
exceeding  P=0.99 


**  = Significant  at  P=0.99 
± = Significant  at  P=0.98 
* * Significant  at  P=0.95 
+ * Significant  at  P=0.90 
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TABLE  XII I ^ SIGNIFICANCE  OF  DIFFERENCE  MATRIX  COMPARING 
IMAGE  TYPES  BY  GROUPS  I AND  II  INTERPRETERS 
IN  THE  COLORADO  PLATEAU  REGION 


Image 

Type 

CM 

o> 

190B 

COLR 

190A 

COLR 

190A 

CIR 

LS-1 

192 

B 

■ 

■ 

■ 

■ 

m 

sts 

D 

■ 

■ 

m 

7.2 

1.6 

D 

■ 

■ 

190A 

CIR 

m 

m 

2.8 

D 

LS-1 

6.0 

14.8 

13.2 

10.4 

B 

LEGEND: 

***  “ Very  highly  significant, 
greatly  exceeding  P-0.99 

**  = Significant  at  P«0.99 

1 “ Significant  at  P»0.98 

* » Significant  at  P=0.95 

+ “ Significant  at  P=0.90 
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TABLE  XIV."  COMPAfWTIVE  INTERPRETATION  ERRORS  BY  IMAGE  TYPE 
FROM  TWO  REGIONS,  TEST  TWO  (1.250  DECISIONS) 


Percent  Correct 

Percent  Coinmission 

Errors 

Imags  Type 

Colorado 

Plateau 

Sierra- 

Lahontan 

Colorado  Plateau 

Slerra-Lahontan  | 

Range 

X + SE_ 

~ 7 

Range 

X + SE_ 

~ X 

LANOSAT-1  CIR 

62 

87 

20-45 

36.8  + 4.06 

0-21 

12.7  + 2.79 

S-190A  CiR 

72 

75 

13-36 

27.5  + 2.26 

6-34 

24.4  i 3.11 

5-190A  Color 

75 

62 

16-40 

28.9  + 5.39 

11-68 

39.5  + 5.61 

S-190B  Color 

76 

62 

0-33 

22.9  + 3.13 

13-49 

37.2  + 6.08 

S-19?,  1,  7,  9,  Color 

68 

61 

0-38 

33.2  + 8.43 

28-52 

37.4  + 4.81 

TABLE  XV.-  VEGETATION  ANALOGS  MOST  LIKELY  TO  BE  CONFUSED 
IN  VISUAL  INTERPRETATION  OF  SPACE  IMAGERY 


Numeric 

Symbol 

Vegetation  Type 

A1  pha 
Synfcol 

315 

Meadows 

W 

325.1 

Sagebrush 

Sa 

.341.2 

Ponderosa/ Jeffrey  Pine  Forest 

P 

341.1 

Pinyon-juniper  Woodland 

J 

341.4 

Spruce- fi  r 

S 

342.4 

Aspen 

A 

347 

Oakbrush/Mountain  Chaparral 

6 

Other  Vegetation  Types 

X 

++  = Most  likely 
+ = Moderate  likelihood 
- = Some  likelihood 
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TABLE  XVI.-  EARTH  RESOURCE  OISCRIHINATING  POWER 
IMAGERY  FROM  SPACE 


Nuni>er  of  Imaqe  Classes  I 

M III  iyp€ 

S-190A  CIR 

50 

41 

S-19QB  COLOR 

40 

29 

S-190A  Red 

36 

24 

LANOSAT-1  CIR 

31 

29 

LANOSAT-1  Band  5 

jO 

19 

S-190A  IR 

25 

19 

LANOSAT-1  Band  7 

24 



21 



TABLE  XVII.-  COWARATIVE  COST  FACTORS  TO  ANALYZE 
AND  MAP  FROM  SPACE  IMAGERY 


Image 

Type 

Man-hours 
Interp./ 
2,000 
Sq.  Km. 

Number 
Oelin./ 
2,000 
Sq.  Km. 

Man-mi n./ 
100 
Oelin. 

Man- mi  n. 
100 

Sq.  Km. 

% 

Pure 

Types 

Avg. 

Bound- 

dary 

Score 

LANDSAT-1  CIR 

2.37 

56 

255 

6.99 

50 

2.03 

S-190A  COLOR 

2.56 

84 

182 

7.67 

35 

1.69 

S-190A  CIR 

3.56 

86 

247 

10.67 

30 

2.08 

S-190B  COLOR 

5.02 

99 

305 

14.48 

35 

1.65 

S-192  COLOR 

1.40 

43 

224 

4.18 

30 

2.23 
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TABLE  XVIII.-  ACCURACY  OF  IDENTIFICATION  OF  DELINEATIONS 
IN  HAPPING,  PRELIMINARY  DATA 


IMAGE  TYPE  AND  LEGEND  LEVEL 

PERCENT  CORRECT 

LANDSAT-1  CIR 

320 

50 

325.1 

33 

327.1 

58 

341 

86 

341.1 

67 

341.2 

100 

S-190B  COLOR 

320 

71 

325.1 

57 

326.1 

54 

341 

61 

341.1 

59 

341.2 

38 
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TABLE  XIX.-  EVALUATION  OF  OROUND  RESOLUTION 
AT  TWO  SCALES  FOR  EACH  IMAGE  TYPE 

Relative  Score;  1 Best.  5 Poorest 


Features  Judged 

LANOSAT-1,  CIR 

S-190A,  COLOR 

S-190A,  CIR 

S-190B,  COLOR 

Cortez--Business  District 

3 

1 

1 

2 

Cortez--Residential  District 

5 

1 

4 

1 

Dolores--Townsite 

4 

2 

2 

1 

Escarpments  and  1 inears 

2 

1 

3 

1 

Average  Ground  Resolution 
Score  with  its  standard 
error 

3.50  + .91 

1.25  + .35 

2.50  + .92 

1.25  + .35 

Relative  Score: 

1 = ++  Both  scales  = Very  clear  or  obvious 

2 = ++  One  scale  + other  scale 

3 = + Both  scales  = Evident 

4 = + One  scale  - other  scale 

5 = - Both  scales 


= Not  evident 
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TABLE  XX.-  EVALUATION  OF  RELIEF  DETECTION  BY  STEREO  AT  TVJO  SCALES  FOR  EACH  IMAGE  TYPE 

Relative  Score;  1 Best,  5 Poorest 


Features  Judged 

LANDSAT-1,  CIR 

S-190A,  COLOR 

S-190A,  CIR 

S-190B,  COLOR 

Elevation  change  of  65' 

5 

5 

5 

5 

Elevation  change  down  drainage  600' 

1 

1 

1 

250'  escarpment 

3 

2 

4 

2 

300'  escarpment 

1 

1 

1 

1 

Less  than  200'  escarpment 

3 

2 

5 

1 

1,000'  escarpment 

1 

1 

1 

1 

400'  hill  on  cop  of  mesa 

1 

2 

1 

2 

600'  hill  on  top  of  mesa 

3 

4 

4 

2 

850'  ridge  and  valley 

1 

1 

3 

1 

200 '/mile  valley  floor 

5 

4 

3 

3 

225 '/mile  dip  slope 

1 

2 

2 

1 

Relative  Score; 

1 = ++  Both  scales  =»  Very  clear  or  obvious 

2 = ++  One  scale  + other  scale 

3 = + Both  scales  = Evident 

4 = + One  scale  - other  scale 

5 = - Both  scales 


= Not  evident 


TABLE  XX.-  (CONTINUED) 
Relative  Score;  1 Best,  5 Poorest 


Features  Judged 

LANDSAT-1,  CIR 

S-190A,  COLOR 

S-190A,  CIR 

S-190B,  COLOR 

200'/niile  toe  slope 

2 

1 

2 

1 

170 '/mile  bajada 

4 

4 

3 

Elevation  difference,  high  peaks, 
8,400'  to  9,300' 

1 

2 

2 

1 

Slope  break  2950'/ini . •!’S0'/mi . 

2 

1 

4 

3 

Slope  break  750 '/mi .-350 '/mi . 

2 

3 

2 

1 

Average  Relief  Detection 
Score  with  its  standa>^d  error 

2.25  + .36 

2.19  + .32 

2.75  + .36 

1.81  + .29 

Relative  Score: 

1 = ++  Both  scales  » Very  clear  or  obvious 

2 = ++  One  scale  + other  scale 

3 = + Both  scales  = Evident 

4 = + One  scale  - other  scale 

5 = 


- Both  scales 


= Not  evident 


TABLE  XXI.-  CHANGE  IN  MONOCULAR  DELINEATION  AND  IDENTIFICATION  BY 
STEREO  EXAMINATION  AT  1:250,000  SCALE  IN  A 1761  SQ.  KM.  AREA 


Line  Change 

Identification  Changes 

Image  Type 

Cl.  . 

Ratio  of 
Delin.  Den. 

Landform 

Veget.  Ident. 

LANDSAT-1 

9.3 

0.1660 

15 

12 

S-190A  CIR 

6.5 

0.0756 

2 

6 

S-190A  COLOR 

9.1 

0.1083 

12 

9 

S-190B  COLOR 

6.0 

0.0606 

30 

16 

TABLE  XXII.-  PERCENTAGE  CHANGES  (IMPROVED  CONFIDENCE  OF  DECISION)  BY 
STEREO  INTERPRETATION  OF  SPACE  IMAGERY  (ALL  TYPES  CONSIDERED) 


Ground  Cover  Analog  Class 

Land  Surface  Class 

Item 

Changed 

Item 

% Changed 

130,  RocMand 

11.6 

1.2  Flat,  riparian  bottom- 

310,  Herbland 

14.0 

lands 

1.9 

320,  Shrub/Scrub 

4.6 

2.2  Undul ./Rolling,  bottom- 
lands 

1.9 

325,  Shrub  Steppe 

7.0 

2.3  Undul ./Rolling,  planar 

327,  Macrophyl.  Shrub 

25.6 

surfaces 

43.3 

341,  Conifer  Forest 

24.9 

2.4  Rolling,  slope  systems 

6.7 

342,  Hardwood  Forest 

7.0 

3.3  Hilly,  planar  surfaces 

3.8 

510,  Agric.  Cropland 

2.3 

3.4  Hilly,  slope  systems 

4.4  Mountai.nous,  slope 

17.0 

systems 

26.4 

100.0 

100.0 
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Figure  1.-  Location  of  the  two  interregional  test  areas  used  in  this  study:  Sier>"a- 

Lahontan  and  Colorado  Plateau.  (Also  noted  are  two  test  areas  used  for  a rice 
study  perforiTicJ  as  part  of  this  investigation  but  not  reported  here:  Northern 

Great  Valley  and  Louisiana  Coastal  Plain.) 
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two  natural  vegetation  test 


areas. 


REPfiODUClBlLnY  OF  THE 
ORIGINAL  FAGB  IS  POOR 


Figure  4.-  The  decision  process  in  resource  allocation  and  management  as 
it  relates  to  level  of  problem,  scale,  and  resolution. 
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Figure  5.-  All  ground  truth  observations  were  located  as  they 
were  acquired  on  1 :250,000  scale  topographic  maps. 
Support  aerial  photography  missions  were  also  charted 
on  the  same  maps  as  indicated  by  the  SW-NE  trending 
black  line  in  this  illustration.  Locations  of  key 
examples  of  each  analog  were  then  transferred  to 
1:250,000  scale  LANOSAT  color  enlargements  for  use  in 
interpretation  testing  experiments.  Maps  such  as  these 
are  essential  to  the  accessing  of  the  ground  truth 
record  once  it  has  been  obtained  and  filed.  The  ideal 
way  to  match  ground  truth  with  the  LAIiOSAT  enlargement 
is  by  use  of  a mylar  print  of  the  1:250,000  planimetric 
and  topographic  detail. 
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Vegetation  Analog  or  Land  Use  Condition 
Land  Surface  Characteristics 


Pure  Delineations  Complex  Delineations 


Figure  6.-  The  symbolic  legend  format  frr  use  in  delineation 

identification  or  in  entry  into  a computerized  data  base. 
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Macrorel ief  Landform  Degree  of  Dissection  Jlope  Class* 

Hi crorel 1 ef * 


X.XXXXX- 


*These  two  levels  are  generally  appropriate  to  use  only  with  intensive 
large-scale  inventories  at  scale  of  about  1:25,000  and  larger. 

Figure  7.-  Symbolic  legend  format  for  annotation  and  description  of  land 
surface  characteristics. 
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1290-18115 
May  9,  1973 


Figure  8.-  The  advantages  of  multidate  imagery  for  the  evaluation  of  natural  vegetation 

of  both  range  and  forest  lands  must  not  be  discounted.  This  scene  shows  how  spring 

vs.  late  summer  Imagery  can  be  combined,  in  the  first  instance  to  differentiate 
lower  elevation  grasslands  C312),  sagebrush  steppe  (32S|,  and  even  the  more  pro- 
ductive phases  of  the  salt  desert  C324),  The  latter  differentiations  are  very 
difficult  or  Impossible  in  late  summer  imagery.  Similarly  late  spring  imagery 
does  not  differentiate  the  mountain  brush  or  chaparral  (327),  aspen  (342),  and  the 
mixed  pine-oak  (343)  types  but  mid-  to  late-sumner  imagery  (top  example)  does  an 
excellent  job  of  this  discrimination. 
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Image  ID:  1210-17262 

February  18,  1973 


LANDSAT-1 


Figure  9.-  A snow  background  increases  the  contrast  among  many  features  of  importance. 

The  brownish  colors  in  this  winter  scene  of  the  Uncompahgre  Plateau  in  southwestern 
Colorado  represent  coniferous  forests  and  woodlands  {341).  It  is  not  possible 
visually  to  separate  the  various  kinds  of  these  forests  except  by  inference  from 
topographic  position.  One  could  reason  that  most  woodlands  at  the  lowest  eleva- 
tions and  on  south-facing  canyon  slopes  would  be  juniper  wodlands  (341.1),  that 
the  intermediate  forests  on  the  broad  plateaus  and  dip  slopes  would  most  likely  be 
ponderosa  pine  (341.2)  and  that  most  of : the  coniferous  forests  on  protected  slopes 
at  middle  and  upper  altitudes  »u1d  be  mixed  conifer  (341.3)  types.  Note  the 
sharpness  with  which  the  cleared  juniper  areas  (400)  southwest  of  Montrose, 

Colorado  (arrow)  are  contrasted  by  the  snow  cover. 


BACKGROUND  WORK 

PROBLEM  DEFINITION 
PREPARATION 


Figure  10,-  A generalized  flow  chart  for  an  operational  remote  sensing 
system  involving  space  acquired  imagery. 
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Figure  10a.-  Some  Important  details  of  background  to  set  the  stage  for  effective  remote 
sensing  of  earth  resources  subjects. 


INITIAL  STRATIFICATION  STAGE 

SMALLEST  SCALE— COARSEST  RESOLUTION 
MSS  COLOR  RECONSTITUTED  PRODUCTS 


VISUAL  INTERPRETATION  MODE 


ACQUIRE  IMAGERY 


GROUND  TRUTH  MISSION 


IMAGE  ANALYSIS 

APPLY  CLASSIFICATION  AND  LEGEND 


BROAD 

STRATIFICATION 


PRIORITIZE 

AREAS 

CONCERN 

NO  CONCERN 

LEVEL  2,3  OR  4 


SECOND  SUBSAMPLING  STAGE 
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Figure  lOd. - The  product  development  presentation  and  action  stages  in  the 
use  of  remote  sensing  systems. 
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APPENDIX  A 


TABLE  AI.“  Analogs  Represented  In  Test  Regions 

(+  = well  represented  with  useable  examples; 
X = poorly  represented,  marginally 


■IM 

Occurrences  in  i 

1 

1 

Name 

BfllHllTllM 

■aFrmW 

100-700 

All  primary  classes 

+ 

+ 

100 

Barren  Land 

+ 

+ 

no 

Playas 

+ 

X 

120 

Aeolian  barrens 

X 

+ 

130 

Rocklands 

+ 

+ 

150 

Badlands 

X 

X 

160 

180 

Slicks 

Man-made  barrens 

+ 

X 

X 

200 

Water  Resources 

+ 

+ 

210 

Ponds,  lakes,  and  reservoirs 

+ 

220 

Water  courses 

X 

X 

280 

Snow/ Ice 

+ 

+ 

300 

Natural  Vegetation 

+ 

+ 

310 

Herbaceous  types 

+ 

+ 

312 

Annual  types  (mostly  Bromus  tectorum  L.) 

+ 

+ 

313 

Forb  types  (Broad-leaved,  herbs  dominant) 

X 

X 

314 

Steppe,  grassland,  and  prairie 

+ 

X 

315 

Meadows 

+ 

+ 

315.1 

Sedge  and  sedge-grass  meadows 

+ 

+ 

320 

Shrub/ sc  rub  types 

+ 

+ 

324 

Halophytic  shrub  types 

+ 

+ 
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Table  A1  (cont'd.) 


Occurrences  in 

Name 

■HrnTM 

■iBlI.lif.I.I.M 

EuSSflH 

324.1 

Greasewood  types  (Sarcobatus 
vermlculatus  (Hook.)  Torr.) 

+ 

+ 

324.2 

Saltbush  types  (A.  nuttallil  Wats.. 
A.  confertlfolia  (Torr.  and  Frem.) 
Wats.,  A.  obovata  Mog.) 

X 

+ 

324.3 

Shadscale/Budsaqe  types  (Atrlplex 
confertifolla-Artemisia  spinescens  Eat.) 

+ 

+ 

324.4 

Bailey's  greasewood  (S.  baileyl  Cov.) 

+ 

324.5 

Blackbrush  types  (Coleogyne  ramoslssima 
Torr.) 

+ 

325 

Shrub  steppe  types 

+ 

+ 

325.1 

Sagebrush  types  (Artemisia  spp.) 

+ 

+ 

325.2 

Sagebrush-Bit terbrush  types  (A.  tridentata 
fiutt.-Purshia  tridentata  (Pursh)  O.C.) 

+ 

X 

325.3 

Bitterbrush  types 

X 

X 

326 

Sclerophyllous  shrub 

+ 

X 

326.1 

Manianita  chaparral  (Arctostaphylos  spp.) 

+ 

X 

326.2 

Oakbrush  chaparral  (Sclerophyllous- 
Evergreen  Quercus  spp.) 

■1 

326.3 

Snowbrush  (Ceanothus  velutinus  Dougl.) 

+ 

+ 

326.4 

Chamise  (Adenostema  fasciculata  H.  & A.) 

+ 

326.5 

Curlleaf  ^’ounta1^  Mahogany  .(Cercocarpus 
ledifolius  Nutt.l 

X 

X 

327 

Macrophyllous  shrub 

+ 

+ 

327.1 

Oakbrush  chaparral  (Q.  gambelii  Nutt.) 

+ 

327.2 

Mountain  brush,  Serviceberry-Snowberry- 
Birch  leaf  Mountain  Mahogany 
(Anielanchier  spR.-Symphoricarpos  spp.- 
Ceanothus  montanus) 

+ 

+ 
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Willow  ( Sa 1 i X spp.) 

Savanna -like  Types 

Pinyon  (Pinus  spp. )-Juniper  (Juniperus  spp.l- 
Shrub  Savanna 

Forest  and  Woodland  Types 


Conifer  forests 

Juniper  or  Pinyon-Juniper  (Pinus  monophylla 
Torr.  and  Frem.  or  P.  edulis  Enqelm., 
Juniperus  osteospema  (Torr.)  Little) 

Ponderosa  or  Jeffrey  pine  forests  (Pinus 
ponderosa  Dougl.,  £.  jeffreyi  Grev.  and 
BaTfT) 

Mixed  conifer  forests  (Pine-Douglas  fir- 
true  fir-Hetnlock)  (Pinus-Pseudotsuga- 
Abies-Tsuga) 

Spruce-fir  forests  (Picea  enqelmannii  Parry  ex 
Engelm,  Abies  lasiocarpa) 

Lodgepole  pine  forests  (Pinus  contorta  Dougl.) 

Broadleaf  forests 

Deciduous  oak  woodlands  (Quercus  kelloqgii 
Hewb . ) 

Evergreen  oak  woodlands 

Bottomland  cottonwood  (Populus  wizlizenii 
(Wats.)  Sarg.) 

Aspen  types  (Populus  tremuloides  Michx.) 


Conifer-hardwood  forests 
Aspen-spruce-fir  forests 
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Table  AI  (concluded) 


■mu 

Occurrences  In 

Name 

Col  ora  dr. 
Plateau 

343.2 

Pine-oak  forests 

+ 

- 

414.0 

Cleared  Juniper  rangeland,  seeded  to  grass 

+ 

+ 

425. 1 

Cleared  juniper  rangeland,  sagebrush 
under story 

+ 

+ 

500 

Agricultural  cropland 

+ 

+ 

600 

Urban  and  Industrial  lands 

+ 

+ 

700 

Extractive  Industry 

X 

X 
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APPENDIX  A 

TABLE  All.-  MAPPING  CLASSES  AND  FORMAT  FOR  THE  ANNOTATION 
AND  DESCRIPTION  OF  LAND  SURFACE  CHARACTERISTICS 


Macrorelief  Landform  Degree  of  Dissection  Slope  Class* 


NACRORELIEF: 

1.  ■ Flatlands 

2.  « Undulating  to  rolling  lands 

3.  ■ Hilly  lands 

4.  > Mountainous  lands 


LANDFORM5: 

.10  » Pepressional . non-rl pari  an 
.11  = Basins  (Interior  drainage,  usually  with  playas  or  lakes) 

.12  = Basins,  calder.^s 
.13  « Peneplanes 
.20  ■ Bottomlands.  r1 pari  an 

.21  - Stringer  or  narrow  river  and  stream  bottomlands  and  limited  terraces 
.22  * Wide  river  bottomlands  with  flooc^jlain  and  terraces 
.23  « Depresslonal  drainage  ways 
.24  - Desert  wash 

♦These  two  levels  are  generally  appropriate  to  use  only  with  Intensive 
large-scale  Inventories  at  scale  of  about  1:25,000  and  larger. 


564 


Table  All  (cont'd.) 


~ Planar  surfaces  (i^>1and,  above  classes  X.1  and  X.2) 
.31  « Valley  fill  (donn  slope  erosional) 

.32  ‘ Fans  and  bajadas 

.33  = Lake  or  nrine  terraces 


.34  = Pediments 


.35  = Flat  to  strongly  leidulating  plateaus,  mesas,  benches, 
and  broad  ridge tops 

.36  = Flat  to  strongly  undulating  dip  slopes 
.XXI  = Smooth,  undissected 


.XX2  = Moderately  dissected 

.XX3  = Strongly  dissected  - secondary  erosional  cycle 
.40  = Slope  Systems  (vegetation  and  soils  tend  to  change  with  slope) 

' .41  = Escarpments 

.42  = Valley  or  canyon  slope  systems  (the  valley  floor  falls  in  X.3  class). 
Tertiary  levels  based  on  drainage  pattern. 

.43  = Strongly  undulating  to  rolling  uplands 

.44  = Butte  and  isolated  hill  slope  systems 


.45  = Hill  and  mountain,  more  or  less  angular  slope  systems. 
Tertiary  levels  based  on  drainage  pattern. 

.OOOX*  = Exposed  (1),  or  protected  (2) 

SLOPE  CLASSES:* 


MICRORELIEF:* 

.XXXXl  * Convex 
.XXXX2  » Concave 
.XXXX3  = Ridge  and  swale 
.XXXX4  = Mounded 
.XXXX5  = Pitted/slumped 
.XXXX6  = Patterned  ground 
.XXXX7  = Badlands 


Slope  Range  % 

Slope  Class 
Di  gi  t 

Simple  Slope  Systems 

0 - 5 

.XXXI 

5^  - 15 

.XXX2 

15+  - 30 

.XXX3 

30+  - 50 

.XXX4 

50+  -100 

.XXX5 

100 

.XXX6 

Complex  Slope  Systems 

0-30 

.XXX7 

0-50 

• XXX8 

30  -100+ 

.XXX9 

*Generally  used  only  on  intensive  inventories  done  at  scales  of  1:25,000 
and  larger. 
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APPENDIX  B1 . (SJIOEUNES  FOR  DELINEATION  AND 
IDENTIFICATION  IN  HAPPING  EXPERIHENTS 


DELINEATION  GUIDELINES 

The  imagery  will  be  Ue'ineated  by  considering  vegetation,  land  uses  that  have 
changed  the  earth  surface  feature,  barren  land,  water  resources,  macrorelief  and  land- 
form.  A specific  numerical  legend  is  provided  for  each  of  these  categories.  Study  the 
legend  classes  before  you  start  actual  delineation  to  become  familiar  with  the  criteria 
for  delineation. 

When  you  are  ready  to  begin  delineation,  fill  out  the  top  of  the  record  form, 
paying  particular  attention  to  the  time  of  starting,  time  of  ending,  and  a best  estimate 
of  lost  time  through  interruption  during  the  working  period.  Try  to  do  the  work  in  a 
period  when  you  can  eliminate  interruption. 


Pure  Delineations 


1.  Hap  pure  delineations  whenever  poss  ble.  Hap  pure  delineations  first  and  work 
to  harder  and  harder  exan^les. 


2.  First  delineate  the  most  contrasting  subjects  and  work  to  the  less  and  less 
contrasty  until  a further  subdivision  of  the  landscape  is  no  longer  practical 
and  meaningful . 


3. 


4. 


Hap  strongly  contrasting,  highly  important  features  (such  as  highly  product! vg 
types  and  urban  or  agricultural  areas)  to  a minimum  area  of  1/2  sq.  cm.  a 

Hap  contrasting,  moderately  important  features  to  a minimum  of  1 sq.  cm.F 


5.  Allow  inclusions  (i.e.,  small  areas  that  do  not  match  their  homogeneous 
surroundings)  that  are  ignored  in  syntolization  up  to  an  aggregate  of  10% 
of  the  delineation  area  as  long  as  they  do  not  fit  condition  2 or  3.  Avoid 
"lumping"  for  reasons  shown  in  the  accompanying  example.  Figure  1. 


6.  If  the  macrorelief-landform  changes  but  the  vegetation  does  not,  make  separate 
delineations  with  a common  numerator,  and  vice  versa. 


Complexes 

1.  Delineate  the  obvious  and  simplest  complexes  first,  work  toward  hardest. 

2.  When  mapping  complexes,  never  map  more  than  3 characteristics  or  earth  surface 
features  in  the  same  delineation— strive  generally  for  two,  and  remember  that 


* The  "minimum  area"  specified  represents  the  smallest  area  as  seen  on  the  imagery, 
which,  if  found  to  exhibit  a unique  appearance,  will  be  separately  delineated.  Many 
delineated  areas,  however,  will  be  much  larger  than  the  minimum  uecause  they  are 
essentially  homogeneous  despite  their  large  size. 
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Appendix  B1  (cont'd. ) 

« significant  change  In  the  proportion  of  any  one  characteristic  or  earth 
surface  feature  can  necessitate  separate  delineation  of  the  area  In  which  it  Is 
found,  provided  that  It  exceeds  the  "mlnlroum  area"  standard. 

3.  Inclusions  aggregating  less  than  10X  of  the  are*  should  be  ignored. 


IDENTIFICATION  GUIDELINES 

1.  Enter  identification  symbol (s)  by  number. 

a.  Push  Identification  as  far  toward  refined  classes  as  you  can,  to  the  point 
that  you  consider  the  odds  favc”  the  probability  of  a right  decision, 
i.e.,  >50  percent. 

b.  If  you  can't  make  an  Identification  or  distinction  at  one  hierarchical 
level,  back  up  to  the  most  refined  level  that  does  permit  you  to  meet 
condition  l.a. 

2.  Do  not  symbolize  inclusions. 

3.  In  ictentification  of  complexes,  enter  syirt>ols  of  components  or  features  In 
decreasing  order  of  areal  extent  within  the  delineation. 

4.  Symbolize  both  numerator  and  denominator  as  follows: 

SURFACE  FEATURE 
LANOFORM 


Pure  Types  Complexes 
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APPENDIX  B2.-  MAPPING  EXPERIMENT,  NATURAL  VEGETATION 

Name  of  P.I.: 


Date: 

TIME  START: TIME  FINISH: LOST  TIME: 


*If  pure  type  leave  blank;  if  complex  enter  in  10^^  classes  2,  3, ...8 
(remember  a 10%  class  is  ignored  as  an  inclusion). 
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REMOTE  SENSING  APPLICATIONS  IN  KANSAS 


E-17 


B.G.  Barr,  Jerry  C.  Coirter,  and  Donald  L.  Williams 
The  University  of  Kansas  Sj^ce  Technology  Center 
University  6f  Kortsos,  Lawrence,  Kansas  66045 


ABSTRACT 


The  Satellite  Applications  Laboratory  of  the  University  of  Kansas  Space  Technology  Center  has 
since  April  1972  carried  out  a program  designed  to  assist  decision  makers  in  local,  state  end  regional 
agencies  in  the  application  of  remote  sensing  techniques  to  their  activities.  To  dote  twenty  projects  hove 
been  initiated  in  support  of  twenty-nine  separate  municipal,  county,  regional,  and  state  agencies  or 
entities.  Several  data  products  have  been  prepared  for  the  use  of  these  agencies  based  on  LANDSAT 
imagery;  high  altitude  color,  color  infrared,  and  multispectral  black  and  white  photography;  and  imagery 
from  a Hasselblad  camera  cluster  flrwvn  in  the  University's  aircraft. 

Projects  are  organized  in  six  sequential  phases  designed  to  demonstrate  the  utility  of  remote 
sensing  in  the  context  of  the  user  agency.  After  reviewing  these  phases,  four  projects  are  detailed  to 
illustrate  the  methods  and  results  of  explications  projects.  Two  of  these  projects  have  resulted  in  single 
user  decisions  during  the  post  year  related  to:  (I)  completion  of  an  interstate  highway  and  cancellation  of 
construction  plans  for  a large  reservoir,  and  (2)  zoning  changes  around  a smaller  reservoir.  Two  on-going 
projects  are  also  discussed:  (1)  a multi-user  project  related  to  the  expansion  of  irrigation  in  Kansas,  and 
(9  a program  of  activities  leading  to  incorporation  of  remote  sensing  into  the  data  acquisition  methods  of 
Kansas  C ity , Kansas . 


INTRODUCTION 


Officials  at  all  levels  of  government  are  daily  faced  with  requirements  for  objective  data  to  be 
employed  in  the  decision-making  process.  At  lower  levels  of  government,  acquisition  of  data  by 
traditional  methods  is  often  beyond  the  physical  and  economic  resources  of  the  governing  body.  Conse- 
quently, decisions  are  frequently  based  upon  incomplete  or  potentially  biased  data  sets. 

Since  1972,  the  staff  of  the  University  of  Kansas  Satellite  Applications  Laboratory  has,  with  the 
assistance  of  the  NASA  Office  of  University  Affairs,  engaged  in  a program  of  activities  designed  to 
acquaint  state  and  local  officials  of  Kansas  and  neighboring  states  with  the  potential  of  remote  sensing  as 
an  alternative  data  collection  system.  This  review  outlines  the  procedures  employed  in  acquainting 
officials  with  the  potential  of  employing  remote  sensing  dato  within  their  own  context  ond  summarizes 
results  obtained  in  four  projects  with  which  the  Applications  Laboratory  has  been  associated.  These  pro- 
jects have  been  designed  both  to  answer  specific  questiora  of  officials  and  to  provide  a basis  for  communi- 
cation by  demonstration. 


Organization  of  a Project 

Six  phases  of  application  activity  may  be  identified  in  projects  undertaken  by  the  Applicotions 
Laboratory  (Figure  1).  The  Contact  Phase  is  intended  to  establish  rapport  between  experts  in  the  use  of 
remote  sensing  technology  and  the  government  official  in  need  of  data.  Activities  in  this  phase  have 
taken  the  form  of  two  Kansas  Governor's  Conferences  on  Remote  Sensing,  short  courses  on  the  interpreta- 
tion of  LANDSAT  and  high-  and  low-altitude  aircraft  imagery  for  stote  and  local  government  officials, 
articles  in  such  magazines  as  the  Konsas  Government  Journal  (ref.  1)  and  the  Kansos  V/oter  News  (ref.  2), 
and  individual  contact  between  government  officials  and  Laborotory  personnel  trained  in  specialties 
paralleling  those  of  the  government  official,  i.e.  urban  and  regional  planning  or  natural  resources. 

This  Contact  Phase  may  lead  to  agency  personnel  and/or  Laborotory stoff  identifying  a data  require- 
ment which  can  be  solely  or  partially  met  from  imagery  sources.  At  this  point  an  attempt  is  made  ro 
specify  a project  and  the  agency/Laboratory  relationship  is  extended  to  the  Project  Definition  Phase. 

During  this  phase  questions  about  the  scope  of  the  project,  the  intended  use  of  data  interpreted  from  the 
imagery,  and  how  costs  will  be  shared  are  answered.  Upon  mutually  satisfactory  assessment  of  the  project, 
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a task  grogp  is  organized  among  personnel  within  the  Lcd)oratory.  This  task  group  may  include  ogency 
personnel  working  in  the  University's  Space  Technology  Center  and/or  Laboratory  per"nnel  working  with- 
in the  agency . 

Actual  utilization  of  remotely  sensed  data  begins  with  the  Project  Initiation  Phase.  During  this 
period  critical  operotions  ore  conducted  which  may  be  focal  to  the  success  or  failure  of  agency  use  of 
remotely  sensed  data . These  include  sensor  selection  and  mission  planning.  After  sensor  selection,  image 
ooquhition  is  undertaken  from  existing  sources  (EROS  doto  center,  NASA  Houston,  etc.)  if  the  imagery  is 
not  already  available  in  the  Laboratory's  film  library.  Alternatively,  imagery  may  be  acquired  by  the 
University's  aircraft  or  by  a private  contractor.  Parallel  to  image  acquisition  is  interpretation  develop- 
ment. This  activity  relies  on  the  experience  of  the  Laboratory's  image  interpreters  and  literature  review 
to  determine  if  the  interpretation  has  been  undertaken  before.  If  it  has,  the  methods  and  accuracy  of  the 
effort  are  elicited  from  the  literature.  If  not,  suitable  interpretations  to  successfully  accomplish  the  pro- 
ject are  developed  ond  documented. 

After  imogery  hos  been  ocquired  and  effective  interpretations  developed,  the  actual  Interpretation 
and  preparation  of  final  products  fw  use  by  agency  personnel  occur  during  the  On-goIng  Project  Phase. 

When  the  products  required  for  the  project  have  been  developed,  they  are  delivered  to  the  user 
agency  and  Lcdsorotory  personnel  prepare  documentation  for  further  reference  and  to  support  the  agency 
in  using  the  procbcts  in  the  Project  Completion  Phase.  Efforts  ore  also  mode  to  document  the  use  of  the 
remote  sensing  products  in  the  agency  environment. 

This  leads  to  the  Continuirsg  Support  Phase  of  the  oppHcation  effort.  In  which  support  to  state  and 
local  ^encies  is  provided  in  the  form  of  personnel  training,  product  improvement,  fulfillment  of  new 
product  requirements,  and  consultation  services  in  dcta  utilization.  The  continuing  support  phase  can  be 
seen  as  the  culmination  of  the  Laboratory's  effort.  Agency/Laboratory  projects  which  reach  this  phase 
explicitly  indicate  agency  acceptance  and  continuing  utilization  of  remotely  sensed  data. 


SELECTED  PROJECTS 


The  following  projects  Illustrate  some  of  the  contexts  into  which  remote  sensing  is  finding  its  way 
in  the  governments  of  Konsos  and  Missouri . Although  the  atteni  ion  of  the  Laboratory  staff  has  been 
directed  primarily  to  meeting  the  needs  of  Kansas  officials,  on  three  occasions  officials  of  Missouri, 
introduced  to  the  program  through  the  Kansas  Governor's  Conferences,  hove  requested  assistance  on 
specific  projects.  The  projects,  from  both  Kansas  and  Missouri,  described  below  Illustrate  both  the  range 
of  potential  oppllcation  and  the  ways  remote  sensing  may  be  used  In  single-decision  and  multi-user 
problems.  The  first  two  problems  discussed  Illustrate  the  single-decision  approach  and  their  relationship 
to  the  methodology  outlined  above  is  transparent.  AAilti-oser,  multi-decision  problems  of  the  type  dis- 
cussed later  ore  less  sharp  but,  in  the  lor>g  run,  potentially  more  significant  in  that  they  represent  full 
acceptance  onrl  incorporation  of  remote  sensing  into  the  data  collection  methodology  used  by  state  and 
locot  governments. 


Pottonsburg  Reservoir  and  Interstote-35 

In  early  1973  the  Governor  of  Missouri  was  faced  with  a decisional  situotion  concerning  comple- 
tion of  Interstote-35  and  the  proposed  Pattonsbuig  Reservoir  project  in  northwest  Missouri  (Figure  2). 
Completion  of  1-35  hod  important  economic  consequences  for  the  Konsos  City  Matropoliton  Region,  since 
the  highway  provides  a direct  route  from  Chicago  to  Konsos  City.  At  that  time  1-35  was  complete  except 
for  a fifteen  mile  segment  in  the  area  of  the  proposed  Pottonsburg  Reservoir.  In  addition  to  the  traffic 
hozard  problems  created  by  the  detour  over  a narrow,  dongerous  two-lone  highwoy,  engineers  had 
estimated  that  construction  of  a crossing  over  the  proposed  reservoir  would  cost  $30  million,  wliile  con- 
struct bn  of  the  segment  without  the  crossing  would  cost  $10  million. 

The  Goverrrar's  staff  determined  that  o need  existed  for  additional  analysis  on  the  desirability  of 
the  reservoir  project  bekre  committing  funds  for  the  completion  of  the  more  expensive  reservoir  bridge 
crossing  for  1-35.  The  Af  plications  Laboratory  was  requested  to  provide  objective  data  to  support  the 
group  conducting  the  supplementary  analysis. 
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Color  infrared  and  block -ond-white  aerial  pbotogrqahy  was  acquired  to  provide  a dota  bose  for 
the  reservoir  site  and  the  proposed  dam.  Four  classes  of  land  use  (crops,  pasture,  forest,  wid  urban)  were 
interpreted  for  the  Governor's  committee  and  compiled  into  a mop  of  the  proposed  inurKkition  oreo. 
Statistics  on  acreage  of  each  land  type  to  be  inundoted  above  and  protected  below  the  dam  were  provided. 
These  statistics  compensated  for  o deficiency  in  the  original  Environmental  Impact  Statement  which, 
because  it  had  been  prepared  for  the  entire  Grand  River  Project,  did  not  separate  data  for  the  Pottonsburg 
Reservoir  from  thot  for  several  other  projects  on  the  river  (ref.  3).  Analysis  of  these  statistics  revealed 
that  without  the  dam,  58,615  ha  (144,780  A.)  would  be  available  for  ogriculturol  pro<kjction,  while  with 
the  dam,  agricultural  land  would  be  reduced  to  45,749  ho  (1 13,000  A.).  Based  on  U.S.D.A.  data  re- 
lated tn  crop  values  and  the  image  analysis,  it  was  estimated  that  the  loss  of  agricultural  production 
between  19^  and  2020  would  overage  approximately  $5  million  per  year  if  the  dam  were  constructed. 

The  analysis  and  related  maps  were  sent  to  the  Governor's  committee  on  31  July  1973,  approxi- 
mately 90  days  after  the  initial  request.  On  27  August  1973,  the  committee  reported  to  Governor  Bond 
its  conclusion  that  it  would  be  an  unwise  use  of  public  funds  to  proceed  with  the  high  bridge  crossing  and 
the  Pottonsburg  Reservoir  project  with  the  information  currently  available.  The  Governor  then  decided 
to  postpone  construction  of  the  high  bridge  crossing  of  the  Grand  River  one  year  and  asked  the  Corps  of 
Ettgii^ers  to  re-stucty  the  justification  for  the  Pottonsburg  project  in  collaboration  with  several  state  and 
federal  .nancies.  On  18  August  1974,  at  the  end  of  the  re-study,  the  Corps  of  Engineers  announced  that 
the  reservoir  had  been  cancelled.  The  following  day  the  Missouri  Highway  Department  announced  that 
work  would  begin  immediately  on  the  design  of  a low  crossing  of  the  Grand  River  to  allow  the  completion 
ofI-35. 

The  decision  to  cancel  the  proposed  Pottonsburg  Reservoir  project  ond  thus  save  $20  million  in  the 
construction  of  1-35  rested  substantially  on  an  analysis  supported  by  remotely  sensed  data. 

Measuring  the  Impact  of  Clinton  Reservoir 

In  contrast  to  the  preceding  problem  of  whether  or  not  to  build  a reservoir,  Clinton  Reservoir  is 
being  constructed  by  the  U.S.  Army  Corps  of  Engineers  near  Lawrence,  Kansas.  When  completed  in  1978, 
the  reservoir  is  expected  to  attroct  heavy  recreational  use  from  the  two  million  residents  of  the  Topeka- 
Kansas  City  Corridor  (Figure  3).  Perry  Reservoir,  the  only  comparable  facility  in  the  area,  has  been 
subjected  to  overuse  and  uncontrolled  development  of  the  adjoining  lands.  Citizens  of  the  Clinton 
Reservoir  area,  which  includes  the  city  of  Lawrence,  Konsos,  have  demanded  an  orderly  development 
program  for  the  reservoir  site  which  will  preserve  the  environmental  quality  of  the  area. 

In  response  to  this  demand,  in  late  1972  the  Lowrence-Douglas  County  Commission  placed  o 
moratorium  on  any  zoning  changes  in  the  area  of  the  reservoir  and  directed  the  Lawrence  Planning  Depart- 
ment to  prepare  a comprehensive  development  plon  by  July  1973.  The  plon  was  required  to  identify 
privately  owned  lands  which  were  best  suited  for  urban  development  ond  those  lands  best  suited  to  remain 
rural,  agricultural  or  natural.  The  planning  department  requested  assistance  from  the  Applications  Labora- 
tory in  the  employment  of  remote  sensing  to  inventory  specific  characteristics  of  the  oreo  so  that  plonning 
policy  could  be  based  on  current  unbiased  data. 

Large-scale  multiband  aerial  photography  similar  to  that  ocquired  at  Pottonsburg  was  used  to  meet 
this  requirement.  Image  interpretations  included  (1)  selection  of  areos  of  scenic  volue;  (2)  mapping  of 
vegetation,  including  dense  and  open  woods;  and  (3)  mopping  of  wildlife  hobitot  quality.  Interpretotions 
were  then  converted  to  legend  classes  which  were  established  by  plonning  department  personnel  and 
indicated  the  compatibility  of  each  area  to  urban  development  or  to  the  desire  to  preserve  current  use. 

Maps  of  eoch  of  the  development  factors  were  combined  to  produce  o development  potential  mop. 
The  potential  map  (Figure  4)  hos  the  following  structure;  areos  with  dense  woods,  high  quality  wildlife 
habitat,  and  scenic  areos  were  most  suitable  for  preservation;  areas  with  open  woods,  low  quality  wildlife 
habitat  and  scenic  areas  were  most  compatible  with  urban  development.  Based  on  these  date,  the 
Planning  Department  recommended  a development  policy  and  the  Planning  Commission  made  the  following 
policy  decisions. 

1 . Densely  wooded  areas  were  to  "be  treated  os  a unique  resource  and  retained  wherever 
possible." 
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2.  Areas  of  high  wildlife  habitat  quality  would  be  preserved  while  those  of  low  quality  would  be 
ovoiloble  for  devetopment. 

3.  Areas  of  steep  slopes  would  be  denied  to  development. 

The  first  test  of  this  policy  come  in  late  1974  when  o local  developer  requested  re-zoning  for  the 
Yonkee  Tank  Subdivision.  The  developer  hod  used  the  generol  plan  ond  tne  Applications  Loboratory 
imogeiy  in  preparing  his  site  plan.  Because  the  site  plcm  conformed  to  the  established  policies,  the 
Commission  re-zoned  the  area. 

In  this  case  remotely  sensed  imagery  was  used  to  provide  inputs  to  one  of  the  most  controversial 
problems  in  the  United  States  today:  land  development.  A significant  aspect  of  this  project,  which  points 
out  the  strength  of  remotely  sensed  data,  was  the  use  of  the  some  imagery  by  both  the  planning  commission 
and  the  developer  in  estoblishing  their  positions  and  policies. 

Center  Pivot  Irrigation 

The  preceding  two  projects  have  illustrated  the  SINGLE  DECISION  orientation  in  which  many  of 
the  program's  operational  projects  have  been  framed.  This  next  use  of  remote  sensing  deals  with  a much 
more  pervasive  and  complex  issue  of  interest  to  many  governmental  organizations:  the  rapid  increase  in 
irrigation,  particularly  in  the  form  of  center  pivots,  and  its  possible  long-term  consequences. 

Center  pivot  sprinkler  irrigation  is  a recent  innovation  to  agricultural  practice  in  the  Great  Plains 
of  North  America.  The  system  was  first  employed  in  southwestern  Nebraska  in  the  eorly  1950'$  and  has 
since  spread  throughout  North  America  wherever  suitable  conditions  for  this  type  of  irrigation  have  been 
Ibund.  The  circular  shape  of  fields  irrigated  with  center  pivots  is  anomolous  on  images  of  Kansas  because  . 
most  fields  are  rectilinear.  Consequently,  center  pivots  are  readily  distinguishable  on  aerial  photographs 
oikI  on  images  produced  by  LANDSAT  (ref.  4). 

One  area  of  high  suitability  for  the  use  of  center  pivot  irrigation  is  in  southwestern  Kansas 
(Figure  5).  Since  center  pivot  irrigation  was  introduced  into  this  region  in  the  early  1960's  it  has  under- 
gone a rapid  expansion  and  by  early  1974,  2,223  center  pivots  had  been  installed  in  12  southwestern 
Kansas  counties,  thereby  bringing  more  than  121,000  ho  (300,000  A.)  into  sprinkler-irrigated  crop 
production! . This  represents  approximately  12  percent  of  ail  land  annually  harvested  for  crops  in  the 
region.  Expansion  has  been  and  continues  to  be  rapid  throughout  the  region  primarily  because  the 
availability  of  center  pivot  systems  has  made  possible  the  opening  of  new  land  to  cultivation  and  has 
proved  extremely  productive  in  terms  of  crop  yields  on  these  newly  cultivated  lands.  The  availability  of 
well  drillers  and  sprinkler  systems  appears  to  be  the  only  factor  limiting  installation  rates. 

Because  of  the  periodic  coverage  supplied  by  LANDSAT,  it  has  been  possible  to  monitor  the  annua 
increase  of  center  pivots  in  the  region.  How  growth  moy  be  charted  is  exemplified  by  the  case  of  one 
county  where  11  center  pivots  were  present  in  1965.  U.S.  Department  of  Agriculture  oeriol  photographs 
acquired  in  1971  were  Interpreted  to  indicate  an  increase  to  252  center  pivoti  by  thot  year.  The  annual 
irscreoses  for  1972  through  1974  were,  respectively,  86,  121,  ond  131  new  installations,  giving  the  total 
of  590  units  in  the  county  in  1974.  The  pattern  of  growth  illustrated  by  Figure  6 clearly  demonstrates  the 
continued  rapid  diffusion  of  the  innovation  in  this  region. 

The  primary  impact  of  the  growth  of  center  pivots  moy  be  stated  with  resisect  to  three  foctors. 

First,  this  irrigation  system  has  affected  crop  production  in  two  woys:  (a)  by  shifting  production  awpy  from 
wheat  and  into  feed  grains,  particularly  corn,  and  (b)  by  shorply  increasing  total  production  of  agricul- 
tural crops  in  the  region.  Second,  as  is  evident  on  Figure  6,  natural  vegetation  is  being  removed  from 
substantial  areas,  particularly  in  the  Sand  Hills  south  of  the  Arkansas  River,  because  of  the  effectiveness 
of  center  pivots  on  sandy  soils.  The  new  irrigation  system  has,  then,  greatly  reduced  the  area  of 

^It  should  be  noted  that  In  early  experiments  in  Finney  County  it  was  discovered  that  very  few  center 
pivots  were  mapped  if  they  were  not  actually  present  but  that  as  many  as  6 or  7 percent  of  those  present 
were  not  detected  by  interpreters  of  LANDSAT  images  (ref.  4).  Consequently,  the  actual  number 
installed  may  be  slightly  higher  than  the  number  reported  here.  For  example,  present  information  indi- 
cates that  200  units  are  installed  in  Seward  County,  although  only  185  units  were  interpreted  from  the 
imagery  and  therefore  appear  on  the  mop. 
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notiv*  grassland  and  replaced  it  by  irrigated  cropping.  Third,  the  use  of  groundwoter  to  supply  this  irriga- 
tion system  os  well  as  flood  irrigation  systems  already  in  place  is  leading  to  a decline  in  the  availability  of 
groundwater  since  use  exceeds  the  recharge  to  the  rock  formations  which  yield  water  in  this  area  (ref.  5) . 

The  2,223  center  pivots  presently  installed  in  southwestern  Kansas  are  not  uniformly  distributed 
over  the  region  but  are  concentrated  in  several  areas.  Three  primary  factors  operate  to  determine  this 
dbtribution.  Two  of  these  ore  physical  and  one  is  cultural,  the  two  physical  factors  are  soil  type  and 
availability  of  groundwater  while  the  cultural  factor  is  the  altemotive  type  of  land  use  which  exists  on 
each  parcel  of  land.  The  two  physical  factors  ore  jointly  indicated  on  Figure  5 to  suggest  the  potential 
of  each  part  of  the  area  for  the  installation  of  center  pivots.  Four  major  types  of  soil  are  indicated  on 
the  map:  (1)  clayey  soils  on  sloping  sites,  (2)  clayey  soils  on  nearly  level  sites,  (3)  complex  mixtures  of 
clay  ond  sandy  soils  or  loamy  soils  generally  on  nearly  level  sites,  and  (4)  sandy  soils.  The  nature  of 
water  application  under  this  sprinkler  irrigation  system  is  such  that  any  salts  present  in  the  water  will  be 
rapidly  concentrated  in  the  upper  part  of  the  clayey  soil  profiles.  Thus,  although  some  center  pivots  ore 
irutalled  on  relotively  clayey  soils,  their  returns  are  less  satisfactory  than  are  those  that  are  placed  on 
very  sandy  s^es.  At  the  same  time,  flood  irrigation  cannot  be  used  on  very  sandy  soils  because  the  water 
soaks  into  the  ground  so  rapidly  that  it  cannot  be  applied  over  the  whole  length  of  a normal  size  field. 
Therefore,  the  higher  the  sand  content  of  the  soil,  tne  more  suitable  the  site  is  for  installation  of  a center 
pivot  system.  Center  pivots  have  made  it  possible  to  irrigate  oreas  which  ore  not  suited  to  other  types  of 
irrigation  (ref.  6).  In  the  most  extreme  cases,  they  hove  opened  to  cultivation  lands  which  were 
previously  not  suitable  for  crop  production.  For  example,  in  the  soil  survey  report  for  Finney  County, 
Kansas,  published  in  1965,  it  was  stated  that  a large  stabilized  scmd  dune  area  was  not  suited  to  any  type 
of  cultivation  (ref.  7).  At  present,  this  area  contains  large  acreages  of  cultivated  land  as  a result  of 
center  pivot  irrigation. 

Since  irrigation  water  is  derived  almost  entirely  from  wells  in  southwestern  Kansas,  the  availability 
of  groundwater  supplies  is  also  a limiting  factor  on  the  installation  of  any  type  of  irrigation  system.  Four 
classes  of  water  availability  are  indicated  on  the  mop  (Figure  5).  These  classes  range  from  groundwater 
not  generally  available  to  abundant  quantities  of  groundwater.  The  color  scheme  used  on  the  map  results 
in  the  display  of  the  joint  consequences  of  water  availability  and  soil  type.  Increasing  water  availability 
is  indicated  oy  the  increasing  degree  of  blueness  of  the  map  unit.  Soil  type  is  indicated  by  the  yellow- 
ness of  the  area.  Consequently,  those  areas  which  have  both  sandy  soils  and  abundant  groundwater  ore 
indicated  in  dark  green,  while  those  areas  with  neither  sandy  soils  not  substantial  quantities  of  ground- 
water  are  indicated  in  very  pale  green.  Other  colors  develop  as  a result  of  various  combinations  of  the 
two  factors.  The  resulting  patterns  demonstrate  that,  while  there  ore  substantial  areas  suited  to  center 
pivot  irrigation,  there  are  also  substantial  areas  which  are  unsuited  to  the  system's  use.  As  is  readily 
evident,  most  center  pivots  are  located  in  those  areas  favorable  to  such  installations.  The  concentration 
of  center  pivots,  particularly  in  the  central  portion  of  the  area,  are  so  located  because  groundwater  is 
abundantly  available  and  the  soils  are  distinctly  sandy.  However,  there  are  several  other  areas  which  are 
suitable  for  this  type  of  system  which  contain  very  few  center  pivots.  Often,  these  areas  are  already 
completely  occupied  by  other  forms  of  irrigation  or  some  other  intensive  type  of  lend  use  which  will  not 
be  replaced  by  center  pivots. 

In  contrast  to  this  great  ccncentration,  center  pivots  ore  completely  absent  from  the  sandy  soils 
in  the  northwest  part  of  the  area.  Comideration  of  the  availability  or,  in  this  case,  non-avoilability  of 
groundwater  mokes  it  readily  apparent  that  although  the  soils  may  oe  suitable,  the  western  sandy  area  is 
not  suited  to  irrigation  because  water  is  unavailable.  In  contrast,  the  area  along  the  northern  edge  of  the 
map  contains  very  few  center  pivots  because  of  generally  unsuitable  soils.  Frequently,  groundwater  is 
unavailable  in  the  same  region. 

Using  the  preceding  analysis  of  growth  and  diffusion  of  center  pivot  irrigation  in  combinotion  with 
the  totol  irrigated  acreage  also  interpreted  from  LANDSAT  images,  the  Applications  Laboratory,  with  the 
encouragement  from  legislative  leaders,  has  established  a joint  program  with  the  Kansas  Geological 
Survey,  the  state  agency  primarily  responsible  for  preservation  of  natural  resources.  This  program 
envisions  the  development  of  a series  of  recommendations  on  Irrigation  based  on  both  existing  well  re- 
cords of  water  table  drawdown  and  areal  expansion  elements  from  LANDSAT  to  provide  the  state  regulatory 
agencies  with  the  information  necessary  to  decide  how  the  limited  water  resource  should  be  used  for  the 
maximum  social  benefit  with  minimum  environmental  disruption.  Results  of  this  investigation  ore  also  of 
value  to  the  Kansas  Forestry,  Fish  & Game  Commission  in  analyses  of  prairie  chicken  habitat  destruction 
qnd  the  Kansas  Department  of  Economic  Development  and  regional  planning  commissions  in  planning  for 
future  population  ond  land  use  changes  in  Kansas. 
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Remote  Sensing  in  the  Urban  Milieu 


In  addition  to  analyses  in  njral  areas,  the  Applications  Laboratory  has  been  supporting  urban 
governing  and  planning  bodies.  The  increased  application  of  remote  sensing  data  in  this  context,  os 
illustrated  by  the  case  of  Kansas  City,  Kansas,  is  encouraging. 

Kansas  City,  Kansas,  is  a city  of  180,000  located  ot  the  confluence  of  the  Missouri  and  Kansas 
Rivers  (Figure  7).  The  city  is  part  of  the  Kansas  City  Standard  Metropolitan  Statistical  Area  (SMSA)  of 
approximately  1,250,000  (1970  census). 

* In  recent  years,  Kansas  City,  Kansas,  has  suffered  the  ill  effects  of  urban  decay  noted  in  many 
U.S.  cities  and  the  city  government  has  faced  demands  for  improved  services  throughout  a growing 
urbanized  area.  These  conditions  have  in  turn  increased  the  pressure  on  the  mvernmental  agencies  for 
data  to  support  the  decision  making  process.  In  the  main,  responsibility  for  the  acquisition  of  data  about 
conditions  in  the  city  has  fallen  to  the  Department  of  Planning  and  Development.  The  growing  require- 
ment for  specific  social  and  economic  indicators  about  the  city  and  the  increased  cost  for  acquiring  a unit 
of  data  caused  the  city  planner  to  initiate  a search  for  alternative  methods  of  data  gathering  to  allow 
proper  assessment  of  infrostructu-e  as  a swrogate  for  more  abstract  social  indicators. 

The  Department  of  Planning  and  Development  first  came  into  contact  with  remote  sensing 
techniaues  through  conferences  held  at  the  University  of  Kansas  Space  Technology  Center.  However, 
the  utility  of  the  techniques  was  ckiven  home  by  events  which  occurred  during  the  Kansas  and  Missouri 
River  flooding  of  October  1973.  Image  Interpreters  of  the  Applications  Laboratory  provided  data  on  a 
rc^id  response  basis  to  support  the  Kansas  City,  Kansas/Wyandotte  County  Civil  Defense  efforts  by 
identifying  weakened  areas  of  dikes,  points  where  dikes  were  breached,  debris  jammed  into  bridges,  and 
assessing  flood  damage  (Figure  8). 

Based  on  this  experience,  the  Department  recognized  that  remote  sensing  could  provide  timely, 
accurate  data  not  available  from  other  sources.  They  then  requested  the  Applications  Laboratory  to  aid  In 
on  assessment  of  remote  sensing  data  collection  for  the  city  government.  Initially  the  program  provided 
examples  of  high  resolution  color  and  color  infrared,  medium  resolution  color  and  color  infrared  flown  by 
the  NASA  high  altitude  aircraft,  and  LANDSAT-1/2  data  over  the  city.  The  Department  first 
concentrated  on  two  projects:  (1)  assessment  of  dwelling  unit  conditions  in  an  urban  renewal  area,  and 
(2)  development  of  simple  techniques  to  acquire  data  for  environmental  impact  statements.  Both  of  these 
projects  were  accomplished  with  the  aid  of  Applications  Laboratory  personnel . The  number  of  dwelling 
units  were  counted  from  the  photographs.  The  photo  counts  Indicated  substantially  more  dwelling  units 
in  the  affected  area  than  had  been  expected  from  1970  census  data.  The  environmental  impact  data 
interpreted  from  70  mm  imagery  provided  the  city  with  social,  economic  and  physical  environment  data  in 
a 5 km7  (2  miT)  corridor  for  a total  cost  of  less  than  $500.00,  Including  data  interpretation. 

Based  on  the  positive  outcomes  of  the  three  initial  actions  that  had  encompassed  the  use  of  remote 
sensing,  the  Department  of  Planning  and  Development  made  the  decision  to  use  remote  sensing  as  an 
integral  port  of  their  data  acquisition  effort  and  a full  time  Image  analyst  was  employed  by  the  planning 
staff.  Since  then,  the  Departmenr  of  Planning  and  Development,  in  consultation  with  Applications 
Laboratory  personnel,  has  initiated  three  major  projects  of  their  own. 

Dota  to  si'pport  the  various  administrative  departments  of  the  city  government  ore  maintained  in  a 
series  of  computer  files,  known  generally  as  an  urban  information  system.  These  base  files  contain  a mop 
of  the  urbanized  area  constructed  from  the  transportation  network.  The  geographic  base  file  project, 
which  was  initiated  in  1972,  had  by  1974  reached  the  level  of  sophistication  where  land  use  dota  con- 
cerning every  parcel  of  land  in  Kansas  C ity/\Vyandotte  County  could  be  stored  in  the  file.  To  determine 
if  this  project  was  feasible  the  city  hired  six  college  students  over  the  1974  Christmas  holidays.  After 
training  by  Applications  Laboratory  personnel  and  using  high  resolution  aerial  photography  and  collateral 
sources,  these  employees  interpreted  and  encoded  the  land  use  of  every  parcel  of  lond  in  a 16  km2  (10  mi2) 
area  of  the  inner  city . 

In  late  1974  the  U.S.  Congress  passed  the  Community  Development  Act  to  replace  the  existing 
Urban  Renewal  Program.  The  Department  of  Planning  and  Development  was  made  responsible  for  adminis- 
tering the  program  within  the  city.  They  were  also  told  by  federal  authorities  and  the  City  Commission 
thot  objective  assessment  of  the  program's  effectiveness  would  be  required  on  a periodic  basis  to  determine 
the  level  of  future  funding.  With  the  assistance  of  the  Applicotions  Laboratory,  a neighborhood 
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monitoi  ing  program  was  proposed  and  accepted  as  a method  of  measuring  the  impact  of  Community 
Development  funds.  The  entire  city  has  been  flown  to  acquire  natural  color  photography.  This  photog- 
rophy  is  being  interpreted  to  determine  the  states  of  twelve  variables  about  each  bloclc  face  in  the  neigh* 
borhood.  These  variables  include  status  of  house  roof,  street,  sidewalks,  yards,  etc.  After  the  states  of 
these  variables  are  determined  they  will  be  combined  with  variables  from  me  1970  census  and  local  group 
Inputs  to  present  the  City  Commission  with  a program  for  assigning  the  Community  Development  funds. 
Within  twelve  months  the  city  will  again  acquire  aerial  photographic  data  for  neighborhoods.  These  new 
data  will  be  analyzed  and  comparison  with  the  spring  data  will  establish  the  degree  to  which  social 
infrastructure  change  has  occurred  in  both  funded  and  unfunded  neighborhoods,  thus  allowing  the 
establishment  of  new  priorities  and  the  evaluation  of  existing  projects. 

The  third  project  concerns  solid  waste  which  had,  in  the  past,  been  collecteH  by  a single  company 
for  the  entire  Kansas  City,  Kansay^yandotte  Caunty  area.  However,  when  the  1975  bids  were  opened 
the  costs  were  over  that  estimated  by  the  city.  This  caused  the  city's  finance  commissioner  to  consider 
alternatives  to  the  present  single  contract  system.  He  decided  to  divide  the  city  into  five  contract  zones 
and  let  each  contract  separately,  hoping  to  attract  more  bidders,  especially  the  smaller  minority 
businesses  that  the  large  size  of  single,  city-wide  contract,  hod  excluded. 

To  establish  the  zones  so  that  they  represented  equal  tonnage  of  waste  in  each  zone,  and  to 
design  collection  routes  that  would  mast  efficiently  utilize  fuel,  a network  allocation  technique  was  used. 
Because  parts  of  the  county  are  rural,  1970  census  data  were  too  coarse  to  allow  allocation  by  use  of  the 
census  data  alone.  The  city  then  asked  the  Applications  Loboratory  interpreters  to  count  dwelling 
structures  from  the  1969  census  city  high  altitude  flight  for  the  two  rural  census  tracts.  When  these  data 
were  encoded  and  loaded  to  the  existing  geogr.;phic  base,  the  allocation  process  allowed  the  city  to 
define  collection  zones  and  provide  bidders  with  accurate  estimates  of  numbers  of  dwelling  units  in  each 
collection  zone,  thus  reducing  the  risks  to  the  bidden. 

The  Department  of  Planning  and  Development  of  Konsas  City,  Kansas,  with  the  assistance  of  the 
Applications  Laboratory,  has  completed  the  conversion  from  total  acquisition  of  data  by  contact  methods 
to  the  ocauisition  and  use  of  data  from  remote  sensors.  At  the  present  time  this  data  is  principally  pro- 
vided by  low  altitude  aerial  photography.  However,  as  interpretation  sophistication  of  the  departmentol 
staff  increases,  more  and  more  emphasis  is  being  shifted  toward  the  use  of  high  altitude  and  satellite  data. 


CONCLUSION 


In  reviewing  the  projects  discussed  above  and  other  projects  completed  or  in  progress  at  the 
Applications  Laboratory,  it  is  evident  that  remote  sensing  can  serve  as  on  effective  new  or  supplementary 
data  source  for  state  ond  local  government  officials.  As  with  the  introduction  of  any  new  technology,  a 
measure  of  resistance  is  encountered  In  convincing  officials  to  adopt  remote  sensing.  Rapidly  rising  costs 
of  alternative  data  collection  systems,  however,  are  stimulating  many  officials  to  examine  the  technology 
and  as  additional  successful  demonstrations  are  completed,  routine  use  of  remote  data  acquisition  os  on 
integral  part  of  the  data  collection  methodology  is  becoming  increosingly  ottroctive  to  those  concerned 
with  the  environmental  problems  of  Kansas. 
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PHASE  PROGRESSION  IN  Continuing 

AN  APPLICATIONS  Support 


Figure  1.  Phase  progression  in  an  applications  project.  The  KU  Satellite 
Applications  Laboratory  may  have  several  projects  in  various  phases  at 
any  single  time. 
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Figure  2.  Site  of  proposed  Pattonsburg  Reservoir,  northeastern  Missouri 
and  the  route  of  Interstate  35. 


Figure  3.  Locatiori  of  the  C'tinton  reservoir  under  coostriiction  in  the 

Topeka -Kansas  City  ii'-banization  corridor. 
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Figure  4.  Development  potential  of  areas  surrounding  Clinton  Reservoir. 
Areas  with  dense  woods,  excellent  wildlife  habitat,  and  scenic  attri- 
butes were  held  suitable  for  development. 
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Figure  5.  Installed  center  pivots  as  of  Spring  1974.  Note  the  distri- 
bution of  the  sprinklers  relative  to  the  two  environmental  factors  of 
..ater  availability  and  soil  texture , The  variables  are  related  as 
hown 
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Figure  6.  Increase  in  number  of  center  pivots  in  southern  Finney  and 
Kearny  Counties,  Kansas,  from  May  1973  to  May  1974.  In  the  illus- 
trated 860  sq.  km.  the  number  of  center  pivots  has  increased  by  114 
units,  representing  7.3  percent  of  the  area. 
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REMOTE  SENSING  APPLICATIONS 


raMOTE  SKHSIMG  APPLICATIONS  IN  TOE  INVENTORY  AND  ANALYSIS  OF  ENVIRONMENTAL  PROBL04S  E-18 

By  Gordon  E.  Howard,  Jr.,  Environmental  Protection  Agency,  Environmental  Photographic  Inter- 
pretation enter,  Vint  Hill  Fhrms,  Vbrrenton,  Virginia  and  C.  A1  Waters,  Jr,,  Environmental 
Protection  Agency,  Bhvironmental  Photograjdiic  Interpretation  Center,  Vint  Hill  Farms,  War- 
renton,  Virginia. 


ABSTRACT 

The  U.S.  Environmental  Protection  Agency  throu^  the  Environmental  Photographic  Inter- 
pretation Center  'EPIC)  is  actively  engaged  in  the  extraction  of  environmentally  related 
data  from  both  high  resol\ition  and  multispectral  imaging  systems.  From  its  inception  the 
EPIC  has  researched  the  various  remote  sensing  systems  available  from  both  a cost  effective 
and  information  content  standpoint.  Through  interagency  agreements  and  cooperatii’e  programs 
such  as  lAe  NASA  Aircraft  Support  Program  Imagery  has  been  acquired  in  areas  idiere  EPA  has 
operational  requirements.  Presently  the  efforts  of  EPIC  are  directed  toward  the  inventory 
and  analysis  of  many  types  of  pollution  soxirces  both  point  and  non-point. 

INTRODUCTION 

In  early  1972  it  became  apparent  to  some  in  EPA  that  the  sheer  magnitude  of  the  31/2 
million  square  miles  to  be  monitored  would  require  the  application  of  the  remote  sensing 
techniques  long  used  by  many  other  government  agencies.  If  the  environmental  monitoring 
job  was  to  be  done  confidently,  quickly  and  successfully  it  would  have  to  use  up-to-date 
remote  sensor  technology  to  augment  and  complement  the  Information  collected  by  the  contact 
or  in  situ  sensors.  The  most  practical  and  cost  effective  way  to  launch  EPA  into  the  remote 
sensing  field  quickly  was  to  enter  into  interagency  agreements  with  other  federal  agencies 
whose  missions  have  long  involved  the  use  of  overhead  imagery. 

It  was  through  the  pursuit  of  these  goals  that  EPA  acquired  from  the  Department  of  De- 
fense a laboratory  at  Vint  Hill  Farms,  Warrenton,  Virginia.  Also  this  same  avenue  yielded 
a considerable  amount  of  photo  lab  and  photo  interpretation  equipment  and  access  to  some 
very  valuable  domestic  imagery  files  - all  this  at  little  or  no  cost  to  EPA.  The  Vint  Hill 
facility  was  designated  the  Environmental  Photographic  Interpretation  Center  (EPIC)  and  re- 
mained the  ward  of  the  EPA  Office  of  Monitoring  Systems  under  the  guidance  of  the  Assistant 
Administrator  for  Research  and  Development.  In  July  197**  it  became  an  associate  laboratory 
of  EPA's  National  Environmental  Research  Center  in  Las  Vegas. 

EPIC 

EPIC  was  established  primarily  to  accomplish  the  following  objectives; 

1.  Obtain,  reproduce,  interpret  and  analyze  domestic  imagery  from  any  and  all 
federal  film  libraries, 

2.  Secure  and  maintain  for  EPA  the  expertise  accruing  from  the  highest  technol- 
ogy in  the  collecting  and  processing  of  information  to  be  used  for  decision 
making  purposes, 

3.  Provide  a focal  point  for  the  development  of  overhead  monitoring  technology 
as  it  applies  uniquely  to  the  mission  of  environmental  protection, 

h.  Introduce  into  the  operational  arena,  for  complete  and  confident  monitoring 
of  the  environment,  the  tools  and  techniques  resulting  from  remote  sensing 
research  and  development. 
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ENVIROHMENTAL  PIWJBCT  APPLICATIONS 


The  exen^es  which  follow  represent  a basic  crossosection  of  the  applications  that  EPIC 
is  currently  addressing.  The  pireferred  imagery  of  EPIC  for  its  present  requirements  * is  the 
hic^-resolubicxi  wide-coverage  panoramic  type  which  offers  the  required  information  content 
with  a minimum  of  film  surface  area  (fig.  1).  The  modified  KA-8OA  panoramic  ceunera  scans 
iM)*  across  track  and  delivers  130  lines  per  millimeter  over  80%  of  its  format  of  5"  x 60”, 

A considerable  amount  of  imagery  fr<ma  these  hij^-resolution  flif^ts  is  in  the  federal  film 
libraries  and  available  to  EPIC.  It  incorporates  hi^  resolution  capabilities  for  analysis 
of  minute  details  with  wide  area  coverage,  approximately  lUO  square  miles  per  frame.  EPIC 
has  inhouse  a total  of  approximately  90,000  square  miles  of  this  type  coverage,  all  obtained 
to  date  on  black  and  white  panchromatic.  Additionally  as  principal  investigators  for  Skylab 
and  LANDSAT,  we  use  that  material  in  all  ways  that  apply  to  EPIC  programs. 

1.  Ihe  Monongahela  River  Basin: 

A ncMi-point  pollution  source  inventory  was  initiated  by  a request  from  the  EPA  Re- 
gicMi  III  Siirveillance  A Analysis  Division.  They  were  interested  in  a qualitative 
and  quantitative  inventory  of  such  non-point  sources  as  strip  mines,  junkyards, 
dvmps,  sediment  producing  areas  and  water  impoundments  exhibiting  eutrophication. 

The  panoramic  system  was  a natural  for  ♦'lis  task.  Additionally  the  National  ihvi- 
ronn«ntal  Research  Center  in  North  Carolina  was  interested  in  an  R&D  effort  to  de- 
termine the  feasibility  of  using  this  imagery  system  to  locate  all  potential  point 
emission  sources  - smoke  stacks  - along  the  Monongahela  River  (fig,  l).  This  proved 
to  he  ccanpletely  feasible  from  the  interpretation  standpoint.  Figure  2 illustrates 
the  types  of  categories  included  in  the  program.  Figure  3 is  an  enlargement  of  the 
coke  works  of  U.S.  Steel  at  Clairton,  Pa.,  which  contains  2100  coke  ovens.  Figure 
U is  an  uncontrolled  mosaic  of  the  study  area. 

2.  Southern  Iowa  Water  Resources  and  Pollution  Sources  Survey; 

This  program  encompasses  an  area  of  eleven  counties  in  which  the  Region  VII  office 
in  Kansas  City  submitted  a request  for  support.  The  ultimate  consumer  was  the 
Remote  Sensing  Laboratory  and  the  Department  of  Environmental  Quality  of  the  State 
of  Iowa.  A lack  of  good  map  bases  necessitated  the  use  of  lancontrolled 
mosaics  for  inventory  purposes  only  thus  forcing  us  to  disregard  geographic  and 
geodetic  control.  However,  overprint  lines  were  used  to  show  the  state  users  the 
mismatch  areas.  The  resulting  inventory  sheets  were  very  favorably  received  by 
the  State  of  Iowa  as  being  very  useful  to  their  desired  purposes  - inventorying 
and  monitoring  of  environmental  factors.  Figure  5 is  a typical  example  of  a small 
private  feedlot. 

3.  Cattle  Feedlot  Inventory  in  Nebraska: 

This  study  was  similar  in  nature  to  the  Iowa  study,  but  the  feedlots  were  much 
greater  in  size  and  capacity  (Figure  6 - Manley  Feedlot).  The  area  from  Stanton 
to  West  Point  on  the  Elkhom  River  was  inventoried  to  measure  the  cattle  waste  ef- 
fect on  the  river.  Some  U80  farms  were  located  within  the  drainage  basin  along 
this  30  mile  stretch  of  river.  Figure  7 shows  some  of  the  larger  commercial  feed- 
lot  operations  in  this  area.  This  was  also  a test  study  area  in  the  National  Water 
Quality  Survey  Sites  program  of  EPA  which  included  67  station  pairs  located  throxiigh- 
out  the  10  EPA  Regions  in  the  U.S. 

1*.  Lower  Calcasieu  River  All-source  Pollution  Inventory: 

The  EPA  Region  VI,  Dallas,  Hazardous  Materials  Division  requested  an  all-source 
pollution  inventory  of  the  lower  Calcasieu  River  in  Louisiana,  including  Beauregard, 
Calcasieu  and  Cameron  Parishes.  The  program  consisted  of  locating  and  plotting  all 
industrial  complexes,  petroleum  fields,  car  dumps,  garbage  and  municipal  dumps  and 
feedlots  in  the  3^00  square  mile  study  area.  The  format  of  the  final  product  con- 
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•isted  of  thonatle  ovorlaye  keyed  to  7 1/2"  end  15"  USGS  quadrangle  sheeta  (Fig- 
ure 8). 

5>  Cornell  University  Leachate  Migration  Study: 

In  consortim  with  Cornell  University,  EPA/EPIC  entered  Into  a feasihlllty  research 
study  to  atteiQrt  to  locate,  identify  and  map  the  migration  of  leadiates  f 'n  land- 
fills (Fig.  9)*  The  study  area  centers  around  Syracuse,  New  York,  and  Is 
employing  color  infrared,  conventional  color  and  thermal  sensors.  To  date  ’llfdits 
have  been  acc<mq>lished  on  a seasonal  basis  In  order  to  detemlne  if  cuid  vht^  i these 
migrations  occur  and  can  be  detected.  The  essential  ground  truth  Is  being  lupplied 
by  the  Department  of  Environsmntal  Conservation  in  the  State  of  New  York.  An  ini- 
tial finding,  using  Dec«A>er  197^  coverage,  utilizing  no  ground  truth,  disi Layed 
ten  representative  leachate  areas  detected  fbr  the  first  time.  Of  these  te.i,  using 
remote  s«ssor  analysis  only,  six  were  classified  as  definite  leachate  areas  , three 
as  probable  emd  one  as  doubtful.  Subsequent  ground  truth  confirmed  the  phcto  in- 
terpretation in  nine  of  the  ten  areas  - one  of  the  probables  being  negated.  This 
90jf  accurate  rate  seems  to  confirm  at  least,  the  feasibility  of  our  apprcath  for 
similar  environmental  problems  in  other  areas  of  the  U.S. 

6.  Muskegon  County,  Michigan  Whstewater  Treatment  Project; 

This  project  was  suggested  to  EPIC  by  the  EPA  Region  V support  office  in  Muskegon. 

It  Involved  the  plotting  of  a newly  integrated  series  of  wastewater  treatment  pro- 
cesses idiich  may  serve  as  a prototype  for  areas  throughout  the  country.  After 
storage  and  disinfection  of  the  water,  with  its  nutrient  loads,  it  is  spray  irri- 
gated on  crops,  predominantly  com.  The  water  then  is  filtered  through  the  soil 
to  an  underdrainage  retxum  system  and  is  discharged  to  the  surface  waters  of  Muske- 
gon County,  Hie  entire  system  is  monitored  to  assure  that  all  effluents  meet  drink- 
ing standards.  Hie  secondary  benefit  of  crop  irrigation  is  welcomed  in  this  area 
because  of  the  lack  of  economic  vitality  in  an  area  not  noted  for  its  agricultural 
accomplishments.  Hie  methodology  used  on  this  project  was  to  superimpose  Skylab 
inagery  over  prior  Department  of  Agriculture  photography  to  delineate  the  confines 
of  the  approximately  10,000  acre  facility. 

7.  Colstrip  Montana  Coal-fired  Power  Plant  Study: 

This  project  is  a cooperative  effort  between  EPA*s  National  Environmental 
Research  Center  in  Corvallis,  Oregon,  the  State  of  Montana  and  several  uni- 
versities with  remote  sensing  support  supplied  by  EPIC.  The  primary  purpose  of 
the  stuuy  is  to  develop  the  expertise  to  predict  the  effects  of  air  pollution  on 
an  ecosystem  by  analyzing  the  ecological  condition  of  an  area  before  the  introduc- 
tion of  a pollution  source  and  comparing,  on  a periodic  basis,  the  stresses  exhi- 
bited over  a period  of  four  years  after  production  is  generated.  A request  for 
NASA  aircraft  support  has  been  made  and  accepted  by  NASA  Ames  for  mid  to  late  1975, 
utilizing  a panoramic  imaging  system  at  high  altitudes.  Other  imagery  will  be  ac- 
quired through  the  State  of  Montana  with  reproduction  services  and  analysis  per- 
formed by  EPIC.  It  is  anticipated  that  the  results  of  this  study  will  provide  an 
excellent  photo  interpretation  key  for  the  assessment  of  environmental  impacts  and 
compliance  monitoring. 

8.  Technical  Support  to  the  City  of  Chicago,  Illinois: 

Through  the  efforts  of  the  Regional  Counsel  of  Region  V EPIC  and  the  Remote  Sensing 
Branch  of  the  Monitoring  Applications  Laboratory  of  NERC,  Las  Vegas  were  asked  to 
analyze  a Skylab  photograjii  of  the  Chicago  metropolitan  area  (fig.  10).  The  intent 
was  to  enter  the  analysis  into  evidence  in  a court  case  involving  the  City  of  Chi- 
cago vejsus  a major  steel  producer. 
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Sie  first  phwe  of  the  progrsB  Involved  providing  expert  testimony  in  the  Interpre- 
tstim  of  s "plume"  seen  on  the  photo  and  providing  an  approximation  of  its  extent* 
nils  vas  accong>lished  on  May  1,  197^* 

Die  City's  case  contended  that  the  discharging  plume  from  the  Indiana  Harbor  Ship 
Canal  vas  entering  the  Intake  of  the  C3iicago  water  supply.  This  would  conceivably 
occur  under  the  proper  wind  and  current  conditions  of  Lake  Michigan.  However*  the 
plume  eidiibited  the  Skylab  photo  was  curling  in  the  wrong  direction  for  use  as 
direct  evitence. 

It  vas  felt  by  the  cai  site  EPA  personnel  that,  given  the  proper  wind  and  current 
coidltions*  it  would  be  advantageous  to  overfly  the  discharge  area  using  a thermal 
infrared  scanner.  As  a res\ilt  a NERC  Las  Vegas  aircraft  and  sensor  crew  were  dis- 
patched to  Chicago  and  the  overflight  vas  accomplished.  The  imagery  obtained 
clearly  showed  that  the  waters  of  the  canal  had  shifted  and  were  heading  toward  the 
water  intake. 

Further  testimony  vas  presented  to  the  court  and  the  thermal  images  and  a deposition 
were  entered  into  the  prosecution's  case. 

SIHMABY 

To  date*  in  its  b:d,ri  1 1/2  year  existence*  EPIC  has  found  that  the  nature  of  its  re- 
quirements has  almost  exclusively  demanded  the  use  of  high  resolution  photography.  Our 
guirements  run  the  ^tnut  from  long  term  programs  such  as  the  development  of  environmenta. 
^otogrephic  interpretation  keys  and  the  stresses  introduced  into  the  ecosystems  by  man 
made  changes  in  the  environment  to  the  detection*  indentiflcation  and  analysis  of  c'lttle  and 
swine  feedlot  operations. 

In  some  of  o^ir  other  studies  we  have  used  combinations  of  simultaneously  acgui  'ed 
imagery.  In  a study  of  a series  of  sanitary  landfills,  conventional  color,  color  li  and 
thermal  scanner  Imagery  are  being  used  in  a research  effort  to  detect  and  study  lecchate 
migration  from  the  landfills. 

In  son®  of  our  Fiscal  Year  '76  projects*  we  have  been  fortunate  enough  to  have  fo\ir 
programs  approved  for  high  altitude  panoramic  imagery  acquisition  by  NASA  uf;5.ug  the  KA-80A 
camera  system,  Ihe  EPIC  Director*  Mr.  Vemard  Webb,  is  a Principal  Investigator  for  LAND- 
SAT  and  Skylab  imagery  and  EPIC  has  been  able  to  utilize  all  the  Skylab  imagery  available. 

We  use  this  imagery  to  the  extent  possible  in  accomplishing  our  mission. 

epic's  most  valuable  operating  asset  is  its  wealth  of  interagency  agreements.  This 
saves  us  the  cost  and  unnecessary  loss  of  time  which  would  be  expended  in  starting  our  op- 
eration from  square  one.  It  is  also  very  important  to  us  to  have  a high  level  of  experience 
in  our  photointerpreter/analysts  and  a multidisciplinary  academic  background. 
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Horjongahela  River  non-point  Inventory 
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NON-POINT  SOURCE  P<XLUTION  INVENTORY 


PARAMETER 

DATA  RECHJESTED 

Juf*  cor  clumps 

Location 

Strip  mines,  active  and  inactive 

Location  and  size 

Str»  '.’..'nes  spoil  oreos 

Location  and  size 

■ Ac»d  mine  drainage  cischorges 

Locofion 

Solid  waste  dumps 

Locotion 

Sediment  producing  oreos 

Locotion  and  size 

Timber  cutting  oreos 

Locoticn 

Mine  tailings  impoundment  dams 

Location 

Indusfriol  effluents 

Location 

Eutrophic  impoundments 

Location 

Thermo!  effluents 

Locotion 

• limited  returns- 

•Qddifionol  imoger/  required 

Figure  2.-  Categories  included. 
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LOWER  CALCASIEU  RIVER  BASIN,  LA. 

REPOlil  - 


Figure  8.”  Example  of  Calcasieu  Hiver  pollution  inventmy. 
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:zar.p‘Le  of  iaagery  used  ir»  Cornell  study 
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